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This handbook has been prepared by 


the Interdepartmental Working Party on Condensation and Mould in Buildings 
in association with 


Cecil C Handisyde ARIBA 
Dargan Bullivant ARIBA 
author and designer respectively of this publication. 


The handbook is published in two parts. 


Part 1 


A Design Guide, deals with scientific principles of condensation, their application to the design of dwellings and 
measures necessary to minimise the occurrence of condensation in new dwellings. 


Part 2 


Remedial Measures, deals with causes, investigation, diagnosis and measures necessary to combat condensation 
problems occurring in existing dwellings. 
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Introduction 


Condensation in Dwellings, Part 1, A Design Guide, was intended primarily to assist at the 
design stage of new buildings. This Part 2 is directed to helping where remedial treatment 
for condensation appears to be needed in existing buildings. In order that Part 2 may be 
self-sufficient for its purpose, some Part 1 information is repeated. 


Whether condensation will occur is dependent both on the building design and upon how 
people use their dwellings. If the design, facilities and construction of a dwelling are 
inadequate to prevent condensation occurring under normal conditions of occupancy, 
remedial measures will be necessary to achieve an acceptable standard. If trouble continues 
to occur, it can then be accepted as either the fault of the occupants or as a sociological 
problem. To prevent the possibility of any condensation ever occurring would require quite 
unreasonable expense. 


Even with reasonable occupancy it is impossible to predict precisely how much moisture 
vapour will be produced, exactly what amount of ventilation there will be or just what 
degree of heating will occur for how long and in which rooms. It is misleading, therefore, 
to pretend that when trouble occurs a precise calculation can be made to determine what 
remedial measures to take. Measurements, and sometimes calculations, can indicate 
conditions and point to the remedies most likely to be useful, but decisions have to be 
based upon judgment. In some cases this may necessitate proceeding by stages on 
something of a trial and error basis. In difficult or complex cases it is suggested that experts 
should be consulted. 


Because the building and the way in which it is used are both important factors in dealing 
with condensation problems, any improvements to a dwelling or its equipment should be 
accompanied by all possible efforts to obtain the co-operation of the occupier. 


The final section of this handbook comprises case studies of buildings treated for con- 
densation. 











How Condensation Arises Section 1 


Basic Causes 


Surface 
Condensation 


Interstitial 
Condensation 


Terminology 
and Units of 
Measure 


Air 
Temperature 


Volume/Weight 
Relationship 


Warm air can hold more water vapour than cold air. If warm moist air meets a cold surface 
it is cooled and gives up some of its moisture as condensation. 


Air containing a large amount of water vapour has a higher vapour pressure than drier air. 
Moisture from the wetter air therefore readily disperses towards drier air. This fact is im- 
portant for two reasons: first, because it means that a concentration of moist air, such as 
in a kitchen or bathroom, readily disperses throughout the dwelling and, second, because 
moist air at higher pressures inside buildings tries to escape by all available routes to what 
are usually low pressure conditions outside. Escape may be through ordinary ventilation 
routes but vapour can also pass through many building materials. If in passing towards 
the outside it meets cooler surfaces, then it may condense within the structure. 


In cold weather there are, therefore, two condensation risks: 
The inner surface of the structure will be 


cooler than room air. If cold enough, surface 
condensation occurs. 


Surface condensation 


cool surface 


outside 
cold 


warm moist air 
condenses 


Fig1 


Vapour pressure drives water vapour through 


: : Interstitial condensation 
all except completely impermeable materials. 


pre permeable 
As the vapour reaches colder conditions, Lo structure 
5 : F warm moist air outside 
condensation may occur. This can result in high vapour cold air 
serious structural damage and may take place | pressure ipa vaneur 


even when surface condensation is absent. pressure 


condenses as 
structure becomes cool 





In order to assess the conditions likely to occur and to consider how they affect condensation 
it is necessary to understand not only the meaning of the terms commonly used but also how 
to relate one to another. In view of the change to metric, S.I. terminology is used throughout. 
The relationships between S.I. units and their imperial equivalents are included as an 
appendix to the handbook. The metric forms of expression for the most commonly used 
thermal insulation terms are: 


Thermal conductivity (k) —W/m °C 
Thermal transmittance (‘U’ value) —W/m? °C 
Thermal resistance (R) —m? °C/W 
Thermal resistivity (r) —m °C/W 


All temperatures are expressed in degrees Celsius (°C). 


For the purposes of this guide it is assumed that the space occupied by one kilogramme of 
air, whether dry or moist, is 0-84 cubic metres. 





Vapour 
Pressure 


Moisture 
Content 


Relative 
Humidity 


Saturation 


Dewpoint 





Water vapour makes its own contribution to 
the total pressure of the air. The higher the 
moisture content the greater the vapour 
pressure. Vapour pressure is measured, as is 
the total pressure of air, in millibars (mb). 


Moisture content of air is expressed as the 
ratio of weight of water to unit weight of 
dry air, ie kg/kg or g/kg: the latter is used 
throughout this publication. 


The term Relative Humidity (r.h.) expresses 
as a percentage the ratio between the actual 
vapour pressure of an air sample and the 
total vapour pressure it could sustain at the 
same temperature. This relationship can be 
expressed also in terms of air moisture 
content to the accuracy required for cal- 
culations in this guide. Relative humidity 
should always be expressed as a percentage 
ratio at a particular temperature: ie % r.h. 
at °C. 


Air is described as saturated when it con- 
tains as much water vapour as it can hold. 
It is then at 100% r.h. The moisture content 
of saturated air depends upon the tempera- 
ture of the air. For example, air at 14°C is 
saturated if it contains 10 g/kg but if raised 
to 18°C the air could hold up to 13 g/kg 
before becoming saturated. 


If moist air is cooled, a temperature will be 
reached at which it becomes saturated and 
below which it cannot continue to hold all of 
its moisture. This temperature is the Dew- 
point. Dewpoint temperature depends there- 
fore upon the amount of moisture in the air. 





Chart A 


While it is possible to set out these relationships in the form of tables, 
it is much easier to use the information if it is shown as a diagram. 
Chart A does this in metric terms. 














As an example of the use of Chart A consider point A. This represents 7, ical eal 

an air condition of O°C and 90% r.h. From the right-hand a 

scales it can be found that such air contains 3-49 grammes of (ai 

moisture per kg and that the vapour pressure is 5-4 millibars. 4 20 

This might well be the condition of outdoor air in winter. Ls as, 
Se 

Point B indicates air with the same moisture content and h} a 

therefore the same vapour pressure, but as it is now at 19°C its aces ies chen 

relative humidity has changed to approximately 25%. This shows ane 

what happens to the outdoor air after it enters a building and AS Ad 








is warmed, if no other change occurs. 


Point C indicates air still at 19°C, but with moisture content 
raised to about 9:4 g/kg. Vapour pressure therefore also 
rises, to about 15 mb. The increase in moisture without 
change in temperature means that relative humidity has 
risen, and the curved lines show this now to be about 

68%. This is what might occur when the incoming 
air has picked up moisture from activities within the 
building. 








Reading horizontally to the left from C, point D 
indicates when saturation would occur, ie when the 








air is cooled to a temperature of about 13°C. > § 
a = 

In addition, the behaviour of elements of = i 
buildings in terms of thermal insulation, s  eueae 
thermal capacity and of permeability to < oe: 5 
water vapour has to be considered. ‘y oe 
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temperature °C 


Warm Weather Persistent condensation occurs during cold 

Condensation weather, but there is also the rather special 
condition when a sudden change of tem- 
perature from cold to warm humid weather 
causes condensation. In this event incoming 
air has a high moisture content and may low thermal capacity 
condense on a structure which is still chilled ee 
by the cold spell. It is difficult to avoid this. 
Increasing ventilation merely introduces 
more moisture. Plenty of heating to warm 
up the structure is the best answer. Fortu- 
nately, the conditions for this type of con- 
densation do not often occur or last for 
very long and, except for their temporary 
nuisance, they are not very important. 


high thermal capacity 
stays cold — 
condensation 


Cold Weather When condensation occurs in cold weather 

Condensation conditions it is usually caused by a combi- 
nation of circumstances. The chief factors 
are the following: 


Heating cold air is warmed 
Plan arrangement has some effect on how & takes Vege 
heat from one room leaks to others but 
rooms without any local heat are always a 
risk. Unheated bedrooms are the cause of at 
least half of all complaints about condensa- 
tion. 


Warm air heating sometimes increases the 
spread of moisture throughout a dwelling. 
This is especially likely if inlet grilles are in 
or very near to the kitchen. 


F : 5 high thermal capacity 
The relationship of type of heating to type stays cold — 


aneeed: densati 
of construction is important. Heavy con- elie 


struction such as brick or concrete takes a 
long time to heat up. With intermittent 
heating it may not warm up sufficiently to 
avoid condensation, even though its overall 
insulation value is good. Adding a light- 
weight inner lining will help in such cases; 
however, the real need with heavy construc- 
tion is for some continuous, or at least long 
period heating. Short periods of high tem- 
perature heating are not satisfactory with 
heavy construction. 


Although some continuous background heat 
is always useful, it is not so essential with 
lightweight structures. With these, inter- 
mittent heat may be satisfactory if it is used 
when rooms are occupied. In bedrooms, 
intermittent heating may not be used suffi- 
ciently to prevent condensation. For reasons 
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10 (continued) 


Heating (continued) 

of economy the heat may be turned off in 
the daytime and it is nearly always turned 
off during the night, which is the time when 
it is most needed to prevent condensation. 
A very brief period of ‘comfort’ heating at 
bedtime has little effect upon condensation 
_since, even if it warms a lightweight struc- 
ture, the low thermal capacity means that 
rapid cooling will occur when the heating 
is stopped. 


Ventilation 

Draught stripped windows and doors and 
the absence of chimney flues reduce for- 
tuitous ventilation. Alternative ventilation is 
essential. To encourage usage it needs to 
be capable of easy control to provide venti- 
lation without draughts and without risk of 
rain penetration. Stagnant air pockets are 
often the first places where condensation 
occurs, eg in corners of rooms or behind 
furniture or in  unventilated cupboards 
against cold walls. 


Thermal Insulation 
’ Structural insulation cannot make a cold 
room warm but it will conserve any heat a 
room has. Improving the insulation may 
also encourage the use of heating because 
it reduces wastage and people feel that the 
cost is more worthwhile. 

Insulation, wherever it is placed in an 
external structure, will reduce the rate of 
heat flow and will therefore help in keeping 
internal surfaces warm and less liable to 
surface condensation. In practice, insulation 
near the room side of the structure is usually 
more effective in reducing inside surface 
condensation but, in this position, the in- 
sulation keeps the outer part of the structure 
cold and this may increase the risk of con- 
densation within the thickness of the struc- 
ture if the materials are permeable to water 
vapour. It should be remembered that 
porous walls when wet have a poorer ‘U’ 
value and therefore tend to encourage 
condensation. 


Vapour Barrier 

Penetration of water vapour can be checked 
by a layer of impervious material. If a vapour 
barrier is cold, below dewpoint, condensa- 
tion will occur on the barrier. Vapour barriers, 
therefore, need to be kept warm, which 
means placing them on the warm side of 
sufficient insulation. Correctly placed they 
are valuable but in the wrong position they 
may be disastrous. 


Climate and Exposure 

Condensation may occur in dwellings in any 
part of Britain but will persist for a longer 
period in the more severe conditions of 
Scotland or the North of England. Very 
exposed situations add somewhat to the 
risks but rainfall variation is unlikely to be 
very important. 


Occupational Use of Dwelling 
Dwellings left unoccupied and unheated 
during much of the daytime are at a con- 
siderable disadvantage. 

Cooking, bathing and clothes washing and 
drying are major sources of moisture. Quick 
removal of moisture arising from these 
causes is important. For families with small 
children the moisture resulting from clothes 
washing and drying may be particularly 
important. Data on how much moisture is 
produced in dwellings is scarce but the 
figures in Table 1, taken from an American 
source, are a useful indication of the relative 
importance of various moisture producing 
activities. 

If heating is under occupier control, a desire 
to economise on running cost may result in 
inadequate use. 

A desire to economise on heating may lead 
to insufficient ventilation. 


Table 1 
kg 
Source moisture Comment 
4 people x 2:5 Breathing out water 


12 hr indoors vapour. Much of this 
will be overnight in 
bedrooms, which may 
have very low 


ventilation rates. 


Cooking, etc. 

Gas cooking 

breakfast 0:4 Normal kitchen 

lunch 0-5 activities total 3-7 
dinner 1:2 

Dish washing 

breakfast 0-1 Kitchen doors are often 
lunch 0-1 kept open and moisture 
dinner 0:3 can disperse to other 


parts of the house. 
Floor mopping 1:1 


Clothes Amount of washing 
washing 2:0 not specified 

drying 12. 

Bathing Number not specified 
shower 0-2 

tub 0:1 

Reference: 


Conklin, G. The Weather Conditioned House. 
Reinhold. 1958. 





11 


a g a 7 a a COs ii Did a 








- , Fe 
7 F 
' Oo a © al ge cg oa DE NS AN 

— « ; : 

7 a 
Pye Pe iy sd 
’ 5 ‘ Se ae ae 

=e a «%! , 







see) dan | ari nh? he 
; bsg Prey vt Sp: ony 

7 ieee Adbtel wie! te Shea 

\ i * a7 

t ¥ ii + ow ‘ih ele 

ee) 

= x | ne eae 



























= 


ee 






“ i | _ 
ie le, |. 
| . ooh Migr 
ri svi + alate a8 ; 
. = A ey, Nee : 
8 ut a 
opie ae ; Ls : 
Winey Ope 
apn J, eres 
af fi ifjw sown i08 oe 
\ i. 1 Te), het i) . 
~ ‘ Gave i” + ee 
ctw. eayy 
“ae ont as 
€ 

Pupoe 

44% er le gi 

eS 
| tenet [ir Jee 
4 in sais ait Trg 
ma — 
ae —-—)) Siew 
; - eats qudsate 
ee ae ei : 
oe - Dai toe ei G.e5 ae aor "4 
' , y 2et tera gery ae 
se ktebetg 0 eitreant 
vr *e aw tone Pina ¢ Prien 
— kt ye Met 
ait) “Se Teer |S ere 
‘ npetner "ane Se =e 
; al oe FF | us f= 81,2 a9 


= 7 
_ 7 


re Sey eee 





Mould Growth Section 2 


Dampness, from any cause, is sometimes accompanied by mould growth. Under extreme 
conditions moulds may appear upon objects anywhere in a room, but when caused by 
dampness from condensation, moulds usually occur on room surfaces especially on cold 
walls or ceilings. Positions where air movement is poor are particularly vulnerable and 
mould growth is therefore likely to commence at high or low level in cold room corners or 
in, or behind, cupboards or furniture against cold walls. 


Mould appears first as spots or small patches which may spread to form a furry layer, 
usually grey-green, black or brown in colour. On paint it may show as pink or purple 
staining. 





When in the form of dark spots in its early stages, it may be confused with dirt although it 
is less easy to clean off. 

In addition to causing dampness and mould growth on the structure, excessive relative 
humidity will affect soft furnishings, especially bedding. Moist air also penetrates into 
cupboards and wardrobes where clothes become damp and mould growth may occur, 
especially on leather goods. 


Types of Mould There are many types but as all grow under similar conditions and require similar remedial 
treatment identification of different species is unnecessary. 


Conditions Three conditions are necessary for mould growth to occur: 


which Encourage 4. A source of infection 
Mould Growth The spores are so widespread that it must be assumed they will be present in any building. 


2. A source of nourishment 

Some organic material is needed but the amount is very small; consequently, almost all 
surfaces may sustain growth, for even if the building materials do not provide nourishment, 
dirt, dust and grease will do so. Because textured surfaces more readily harbour dirt they 
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Conditions 
which Encourage 
Mould Growth 
(continued) 
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are more vulnerable than very smooth finishes. Paints based on linseed oil or other vegetable 
oils will support mould growth. The rather porous nature of emulsion paints aids moisture 
retention and types based on glue or casein may be particularly vulnerable. 

3. A damp environment 

If relative humidity exceeds 70% for long periods, say 12 hours per day, growth is probable. 
Higher relative humidity encourages quicker growth. 

Since conditions 1 and 2 cannot be avoided, the governing factor is relative humidity. 
Mould can grow at any temperature likely to occur in dwellings but given the necessary 
humidity the rate of growth is likely to increase with temperature rise. 

Where room surfaces are moderately absorbent some condensation may occur without 
being immediately obvious as dampness. In those conditions mould growth may be the 
first indication of condensation. 

Where mould has grown, remedial treatment should aim to eliminate the moisture condition 
but treatment of the mould itself is essential. Section 6 describes this. 





Investigation by Inspection Section 3 
and Measurement 


Checking for 
Condensation 


An investigation of condensation usually arises from complaints about dampness or stains 
or mould growth on walls, ceilings, floors or soft furnishings. The general approach can be 
summarised as follows : 

When drawings are available, look for risk points on the plans and sections. 

Inspect the outside of the building. 

Inspect the inside of the building. 

Check for causes of dampness other than condensation. 

Determine location of possible condensation. 

Determine occupational use of dwelling. 

Determine whether the trouble has occurred only after a change of occupants or a change 
in their living pattern. 

Consider whether any useful measurements can be made. 

Decide whether there are one or more causes. 

Decide remedial measures. 

Inspect later in worst possible conditions. 


Before considering possible remedial measures, three points of particular importance should 
be examined: 


1. Check that the visible trouble is not caused wholly or partially by sources of dampness 
other than condensation. With condensation now recognised as a widespread problem, 
there is some risk of overlooking other possible causes of dampness. 


2. Consider whether hidden condensation may also be occurring within the thickness of 
the structure, and, if it is, whether it must be prevented (precautions will be required if the 


‘structural materials are vulnerable to dampness and certainly where an impermeable 


external finish prevents moisture from drying outward). Although surface condensation and 
mould growth are very obvious nuisances and often the first indications of trouble, damage 
to materials within the structure may, in the long term, be more serious. 


3. Endeavour to assess the relative importance of the several factors which may be 
causing the trouble. These are: occupier’s use of dwelling; type and standard of heating 
and ventilation; type of construction, including amount and position of insulation and the 
presence and position of a vapour barrier. 


Since condensation occurs mainly in cold weather, it is possible to make a satisfactory survey 
only under cold weather conditions. This means that if trouble is not reported until late 
winter and the investigation is not undertaken immediately there may be a long delay 
until the following autumn. 


An early step in an investigation will often be to hear what the occupants have to say. The 
views thus obtained may be useful but must be treated with caution. People are frequently 
unable to remember accurately. Sometimes, in trying to be helpful, they give answers when 
they should really admit that they do not know. Sometimes the information may be influenced 
by an unwillingness to disclose how they live, eg that, in fact, they seldom open bedroom 
windows or that their desire or need to economise has resulted in badly underheated 
conditions. Where there are resident caretakers or regular maintenance staff they can often 
help with information. 


A survey of some kind will be required. How detailed this should be will depend upon the 

type and extent of the trouble. It is helpful to proceed in stages: 

a. Consider whether general conditions make condensation probable (see Check List 
No 1, page 16). 

b. Make a closer examination (see Check List No 2, page 18). 

Where trouble is fairly widespread through a large number of dwellings, comparisons with 

similar dwellings will often provide valuable evidence. This should be kept in mind when 

making any large scale survey and a method of recording should be worked out in advance. 

The following two examples illustrate how such comparisons may be useful: 


(continued) 15 


Checking for 1. In a number of similar dwellings it is found that in six cases dampness occurs on the 

Condensation walls of a bedroom but in two exactly similar dwellings there is no trouble. The two un- 

(continued) affected dwellings are occupied by relatively well-off people where the wife is not out 
much during the daytime. Four of the affected dwellings are left unoccupied most of the 
daytime and the other two have families with young children. 


All the indications would be that the trouble was condensation and that family pattern of 
living rather than structural deficiency was the chief cause. 


2. In anumber of similar dwellings dampness is found in most bedrooms which have two 
external walls. 

Rain penetration could possibly be a contributory factor but there would be a very strong 
indication that cold walls were the cause of the trouble. 


it will often be useful to make a complete record of all suspected condensation positions 
while using Check List No 1 and to consider the results of this before making a more 
detailed check. 


Check List 
No 1 


General conditions indicating whether dampness may be from condensation or other causes. 
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Condensation the probable cause 


Dampness only in cold weather. 


Dampness mainly in rooms with large areas 
of external structure; projecting rooms, 
external corner rooms. 


Where some rooms are unheated : especially 
bedrooms and rooms where casual heat gain 
is restricted, as in maisonettes having living 
room upstairs and bedrooms on lower floor. 


When occupants make insufficient use of 
the heating facilities. 


When portable oil or gas-fired appliances 
are used. 


When heat is shut off during most of the 
daytime. 


In rooms with poor ventilation: no flues; 
windows not providing fine control or pro- 
tection from rain if opened ; draught stripped 
windows. 


Internal bathrooms with inadequate venti- 
lation. 


Rooms with stagnant air pockets, eg long 
narrow rooms with window and door near 
One end: upper corners of rooms with poor 
air circulation; stagnant space behind fur- 
niture against external walls; unventilated 
cupboards against external walls; unventi- 
lated larders. 


Other possible causes 


Dampness related to time of rain or snow, 
especially if found to occur in summer rain. 


Dampness usually confined to walls exposed 
to driving rain. 


Dampness in rooms which appear to be 
reasonably well heated. 


When some continuous background heat is 
ensured, eg by landlord supply, or where 
the heating system results in heat output 
over fairly long periods, as occurs with 
storage heaters or floor heating and, to a 
lesser extent, with hot water radiators. 


Rooms with flues. 


Rooms with poorly fitting windows. 
Rooms with cross ventilation. 


Rooms with extractor fans which are well 
used. 


(continued) 


Check List 
No 1 (continued) 


Condensation the probable cause 

Where internal moisture vapour can reach 
an impervious vapour barrier that is cold, 
eg the underside of an impervious roof 
finish: especially kitchens and bathrooms 
beneath flat roofs; walls having an imper- 
vious material on or near the outside. 


Where clothes are dried indoors without 
adequate ventilation. 


Where moisture from kitchens can disperse 
easily through the dwelling either by natural 
infiltration or where a warm air heating 
system circulates kitchen air—open plan 
dwellings especially. 


Cavity construction in brickwork or timber 
not ventilated where it should be. 


Low pitched roof spaces unventilated. 


Where general insulation of external walls or 
roof is poor. 


Where walls, not obviously external, have 
insufficient insulation, eg room walls against 
open stairways or against ventilated dust bin 


‘store. 


Where general insulation value is reduced 
by cold bridges in the construction. 


Where expected insulation value is reduced 
by dampness: porous external wall materials 
exposed to heavy rain; roof screeds or other 
wet construction not dried out. 


Uninsulated cold water cisterns or pipework. 


If Check List No 2 is used as a basis for a more detailed survey it may be convenient at the 
same time to check, as far as is possible, whether construction conforms to drawings and 
specification, noting especially whether insulation has been used as intended, whether 
there are defects in its fixing, whether insulation may be getting damp and whether there 


are vapour barriers correctly positioned. 


From a survey based on Check Lists 1 and 2 it should usually be possible to determine 
whether condensation is the problem. In some cases further information, including 
measurements, may be needed before deciding what remedial treatment to adopt. How 
measurements may help is discussed on page 20 onward. It should be noted here that it 
may sometimes be convenient to take some measurements while making a survey based 


upon Check List No 2. 
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Check List 
No 2 


Situation and 
Form of 
Dampness 


Roofs 
Dampness, 
localised 


Roofs 
Dampness fairly 
extensive but 
mainly linear 


Roofs 
Dampness fairly 
widespread 


Walls 
Dampness, 
localised 


Local conditions indicating whether dampness may be from condensation or other causes. 


Condensation the probable cause 


Rooms of high risk beneath flat roofs; 
kitchens, bathrooms. 


Small areas of flat roofs projecting from a 
pitched roof main structure. 


Upper corners of rooms where air circulation 
is poor. 


Note: More widespread condensation may 
sometimes show only as localised dampness 
if it can run down a slope and emerge at a 
low point or where there is an easy path, 
such as a construction joint or through 
lighting outlets. 


Rather unlikely to be condensation, but: 


On or below cold roof members, eg steel or 
dense concrete beams. 


Note: More widespread condensation with- 
in a roof may show as linear dampness if it 
collects against a barrier such as a purlin and 
then penetrates downwards. 


Poorly insulated roofs, including those where 
the design value may not have been reached, 
eg if a wet type construction has not dried 
out. 


Roofs where construction allows water 
vapour from rooms to reach an impervious 
and cold membrane, especially flat roofs, but 
low pitched roofs can also be troublesome. 


Unventilated roof spaces above high risk 
rooms such as kitchens and bathrooms. 


Where stagnant air pockets are probable: 
in corners of rooms; 

behind furniture ; 

in cupboards against external walls. 


At local cold spots caused by ‘cold bridges’ 
through the construction. 


Below windows due to condensation ‘run- 
Of; 


Other possible causes 


Cracked roof membranes. 


Faulty flashings, eg to vent pipes or around 
roof drains. 


Inadequate dpc, eg in chimney stack. 


Faulty valley gutters. 

Gutters behind parapet walls. 
Inadequate dpc to parapet walls. 
Faulty skirtings to flat roof. 


Underfelt to pitched roofs incorrectly finished 
at eaves. 


Eaves details allowing rain or snow to blow 
in. 


Drying out of construction water; may con- 
tinue for several years in some conditions; 
may be combined with condensation on 
underside of roof membrane. 


Inadequate pitch or lap for type of weather- 
proof finish and degree of exposure. 


Roof faults, as above, but where moisture 
can reach walls. 


At faulty wall jointing. 

Below faulty cills. 

Through structural movement cracks. 
At cavity wall ties bridged by mortar. 
Wires or pipes bridging across cavities. 
Where pipes pass through. 

Beneath dripping overflow pipes. 
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(continued) 


Check List 

No 2 (continued) 
Walls 

Dampness 
localised 
(continued) 


Walls 
Dampness mainly 
in linear form 


Walls 
Dampness fairly 
widespread 


Floors 


Condensation the probable cause 


Where insulation js poor along the line of a 
through-the-wall structural member, eg a 
steel or dense concrete column. 


Similarly, along the line of panel joints if 
insulation is inferior at panel edges. 


Near floors and ceilings if solid floor con- 
struction acts as a heat conductor through 
the wall. 


Similarly, ring beams in framed structures. 


Similarly, near cross walls if they penetrate 
to outside and act as heat conductors. 


At external corners where the corner con- 
struction tends to increase heat loss. 


Widespread wall dampness may well be 
condensation. 


Poor overall heat insulation. 


Walls lined internally with vapour barrier 
with inadequate insulation beyond. 


Walls lined externally with impervious 
material are a very high risk unless ventilated 
on the warm side of the barrier. 


In internal bathrooms where mechanical 
ventilation does not function adequately. 


Suspended solid type floors which project 
through a wall form cold bridges and may 
cause condensation on floor or ceiling near 
the external wall. 


Solid ground floors similarly may act as 
conductors and cause condensation near 
perimeter walls. 


Suspended ground floors, without insulation 
but covered with an impervious finish, may 
cause surface condensation. 


Other possible causes 


From leaking joints in pipes in ducts or 
buried in the structure. 


From faulty rwp. 


Roof faults as above but where water can 
spread to walls. 


String courses with inadequate protection. 


At the bottom of heights of impervious 
external wall finishes (especially where 
ledges occur at such positions). 


Through-the-wall floor slabs with poor 
joints or where a cavity is bridged without 
adequate dpc above. ~ 


Horizontal dpc over lintels incorrectly de- 
tailed. 


Deterioration of dpc in old buildings. 
Rising damp through lack of, or faulty, dpc. 


Dampness often shows up to a fairly clear 
tide-mark’ line and efflorescence frequently 
seen on the walls. 


Where dpc is ineffective because too close 
to an adjoining roof or balcony or to ground 
level. 


Wall panel joints not waterproof. 


Expansion joints not waterproof. 


Drying out of wet construction. 
Hygroscopic salts keeping materials damp. 


Solid walling inadequate against rain in 
conditions of extreme exposure. 


Solid masonry walls of insufficient thickness 
or with deteriorated jointing. 


Cavity filled with insulation which is not 
proof against water penetration. 


Damp in similar position may be due to rain 
penetration caused by faulty construction 
detail or workmanship. 


Damp occurring fairly equally over a solid 
ground floor more likely to be from lack of 
an adequate damp-proof membrane or slow 
drying of construction water. 


Suspended ground floors with insulation on 
the underside of the joists may have con- 
densation in the airspace if the insulating 
material forms a vapour barrier. 
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Measurements 
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How Measurements Can Help 

If temperatures and humidities are measured 
they can show whether conditions favour- 
able to condensation exist at the time of 
measurement. Unfortunately not only are 
air temperatures and humidities constantly 
varying but a building structure takes some 
time to react to air temperature change. For 
these reasons spot measurements of tem- 
perature and humidity are of limited value. 
A better indication of what happens in a 
dwelling would be obtained by continuous 
recording or by repeating spot measurements 
at intervals. Continuous recording of air 
temperatures is not too difficult but satis- 
factory continuous recording of humidity is 
less easy. Unfortunately a third factor in 
condensation is the important one of venti- 
lation and satisfactory measurement of air 
change rates is too difficult to be attempted 
usefully in most cases. 


In spite of these limitations measurements 
are worthwhile if they are taken in occupied 
rooms in cold weather and if their limitations 
are appreciated. Taken together with infor- 
mation obtained by question and observa- 
tion they help towards identification of the 
causes of condensation and towards ulti- 
mate judgment of what remedial measures 
to take. 


How to interpret measurements is dealt with 
on page 22 onwards. 


What Measurements to Take 

The useful measurements that can be taken 
easily are: 

Internal and external air temperatures 
Internal surface temperatures 

Internal and external air moisture conditions. 
Also, where extract fans are already installed 
it is worthwhile making some check on their 
operating efficiency. 


Where and When to Take 
Measurements 

Measurement in unoccupied dwellings is 
almost valueless. Measurement in occupied 
dwellings should be during cold weather 
and, so far as possible, in rooms at times 
when their occupation and activities are at 
a maximum. Clearly the latter condition is 
not always feasible and it is unfortunate that 
this applies especially in the case of bed- 
rooms, since these are so often the rooms 
affected by condensation. 


Measurements should be taken not only in 
rooms where condensation occurs but in all 
rooms, because knowing the overall situation 
can help in forming the ultimate judgment of 
what remedial action to take. Surface tem- 
perature measurements should be taken at 
all places where surface condensation occurs 
and also elsewhere on the same structural 
surface in places free from condensation. 


Air temperature and humidity measurements 
should be taken in all rooms, usually fairly 
close to positions where condensation 
occurs and in other rooms at what are 
judged to be positions of average tempera- 
ture, ie not very close to heaters or to 
windows. 


Measuring 
Instruments 


Air Temperature 

Spot measurements can be made with an 
ordinary thermometer. Quicker readings are 
obtained by using a sling or whirling hygro- 
meter as described below for humidity 
measurement. 


To obtain a record of temperatures over a 
considerable period, a thermograph or 
recording thermometer may be used. It is 
sometimes difficult to find a suitable location 
for thermographs. Inside a dwelling they 
need to be located where they are not 
affected by radiation from heating appliances 
or sunshine and where they are not likely to 
be bumped. Outside a thermograph has to 
be sheltered from sun and rain and it may 
be necessary to place it in a box which 
excludes rain but allows air to circulate 
freely. 


Where a recording thermometer is not used 
the limits of temperature range could be 
obtained by using a maximum/minimum 
thermometer. 


_ Surface Temperature 


Surface temperatures are best measured by 
a battery operated instrument with a small 
probe pressed on the surface to be measured. 


Moisture Content and 

Relative Humidity 

To measure air moisture conditions a hygro- 
meter is needed. For spot measurements a 
sling or whirling hygrometer is convenient. 
This consists of two thermometers, one with 
an ordinary dry bulb, and a second which 
has the bulb kept wet by a covering of damp 
muslin or similar material. The instrument is 
whirled rapidly like a rattle immediately 
before reading the thermometers; the wet 
bulb being read first. The process should be 
repeated until similar consecutive readings 
are obtained. From the wet and dry bulb 
temperatures the relative humidity and the 
moisture content of the air can be readily 
found, either by using tables or a slide scale 
supplied with the instrument, or by using 
Chart A (see page 9). 


Example using Chart A 

Dry bulb 15°C — Wet bulb 10°C. 

From 15°C on the bottom of the chart move 
upward to meet the line sloping down from 
10°C on the Wet Bulb scale on the top, 
curved line. The junction point is at approxi- 
mately 53%, between the 50% and 60% 
upward curving lines. 


Actual moisture content, and vapour pres- 
sure, can be read off on the right-hand 
vertical scales. 


It is possible to record humidity conditions 
over a period by using a recording hygro- 
meter but reliable results depend upon 
careful checking of the calibration of the 
instrument. General use cannot be recom- 
mended, therefore, unless expert advice is 
obtained. 


Similarly, general use of a thermo-hygro- 
graph, used for continuous recording of 
both temperature and humidity, cannot be 
recommended except by those aware of the 
need for and with knowledge of calibration. 
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Interpretation of Internal Dry Bulb Temperature 
Measurements Used alone, the value of internal air temperature readings is very limited, but by taking 


in relation temperatures in various parts of a dwelling and at varying times three things may be checked: 
to Surface 1. Whether dwelling temperatures generally appear to be below reasonable levels 
Condensation 2. Whether dwelling temperatures generally are low for long periods 


3. Whether some rooms are kept appreciably cooler than others and are the rooms where 
there is condensation, eg bedrooms may be found to be cold or one bedroom appreciably 
colder than others. 

Note: Internal air temperature affects relative humidity. This is discussed later (Example 3). 


Internal plus External Dry Bulb Temperatures 

If both internal and external air temperatures are recorded over a period they help to show, 
to what extent heating is used to compensate for weather. For instance, it might be found 
that living room heating is increased in cold weather but bedroom heat is not. 

For any particular condition of internal air humidity surface condensation depends upon 
internal surface temperature. 

Internal surface temperature depends upon internal air temperature and the rate of heat 
loss through the structure as determined by the insulation value of the structure and the 
internal/external air temperature difference. To see to what extent the structural insulation 
is important consider the following example: 


Example 1 
Effect of Structural Insulation upon Surface Condensation 


Measurement: External air O°C 
Internal air 5°C 
Temperature difference 5°C 
Chart B shows the direct effect of insulation upon internal surface temperature. 


Chart B. 


°C 30 
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difference between indoor air and inside surface temperatures (steady state) 
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Example 1 (continued) 

From Chart B: Using the left-hand vertical scale, follow 
the 5°C line horizontally to where it crosses the various 
sloping ‘U’ value lines and read vertically down to find 
on the bottom scale the internal air/internal surface 
temperature differences. For the conditions of this 
example the results will be: 


‘U' value Internal air/ Internal 

of structure Internal surface surface 
temperature temperature 
difference 

W/m? °C ie: ck 

0-5 0:3 (5:0-0:3) =4-7 

1:0 0:6 (5-0-0:6) =4-4 

1:5 0:9 (5:0-0:9) =4-1 

2:0 1:2 (5:0-1:2)=3:8 

2:5 1:5 (5:0-1-5)=3-5 

3-0 1:8 (5:0-1:8) =3-2 


It appears that in this example an improvement of 
structural insulation from a ‘U’ value of 1:5 to 0-5 would 
have a very small effect upon the internal surface tem- 
perature. It might therefore be concluded that insulation 
is unimportant whereas experience shows that improv- 
ing insulation can reduce condensation. The reasons 
for this apparent contradiction are important. They are: 


1. In this example the internal air temperature was 
taken as 5°C, which is very low. If the inside air had 
been at 10°C and outside remained at O°C, the tem- 
perature d/fference would have doubled and the effect 
of insulation would be greater. The more heat there is 
to be kept in the greater is the value of structural 
insulation; but if people do not heat their dwellings, 
insulation cannot help them. 


2. In practice, if insulation is improved and heating is 
not reduced, room air temperature will rise and, also, 
therefore, the surface temperature. 


3. If, as is often the case, increased insulation is added 
in the form of a lightweight lining to the room surfaces, 
the lining, being light in weight, warms up quickly. With 
intermittent heating this may be an important factor in 
reducing condensation at critical times, eg in cold living 
rooms when a family returns after being out all day. 
This low thermal capacity effect is less likely to be useful 
in bedrooms where occupation is for long periods. 


4. The fact that occupiers have seen positive remedial 
work being done may encourage them to take other 
steps to reduce condensation. In particular, they may 
find that extra insulation makes extra heat input better 
value for money. 


The above example in illustrating the value of structural 
insulation brought in the possible effect of insulation 
upon internal air temperature. To consider the direct 
effect of room air temperature alone, take the following 
example: 


Example 2 


Effect of Room Air Temperature upon Surface 
Condensation 


Measurement: External air O°C 


Calculation: ‘U’ value 1-5 
From Chart B the effect of heating can be found: 
Internal air Internal air/ Internal surface 
temperature Internal surface temperature 
temperature 
difference 
3G =e: °C 
5 0-9 (5-0-0:9)= 4-1 
10 1:8 (10-:0-1:8)= 8.2 
15 2:7 (15-0-2:7) =12:3 


It is clear that a 5°C rise in internal air temperature makes 
over 4°C difference to internal surface temperature and 
is therefore very valuable. Unfortunately, relying on 
curing condensation by making heating available is no 
use unless occupiers actually use the heating and use it 
for the necessary length of time. 


By hygrometer measurements the factor of humidity 
can also be taken into consideration. Consider the 
following example: 


Example 3 


Effect of Air Moisture Conditions upon Surface 
Condensation 


Measurement: 
External air O°C Internal air 10°C 


(Relative humidity 80%) 


Calculation : 
‘U' value 1:5 Internal surface temperature 
8-2°C 

From Chart A (see page 9) 

From 10°C on the bottom horizontal scale rise vertically 
to meet the 80% r.h. curve. From the intersection point 
read horizontally to the left-hand scale to find the wet 
bulb (saturation) temperature. This is the dewpoint for 
the conditions of the example and will be found to be 
approximately 6-8°C. As the internal surface tempera- 
ture was calculated to be 8:2°C, condensation should 
not be occurring. 


If other factors remain constant but more moisture is 
introduced into the room air, then r.h. will increase and 
the dewpoint temperature will rise, eg if r.h. at 10°C is 
increased to 90% the dewpoint becomes 8:5°C, a 
condition just causing condensation. Nevertheless, 
mould growth would occur because of the high r.h. 


Although measurement of relative humidity is a simple 
matter, accurate prediction of moisture conditions in a 
room is difficult. 


Not only is it difficult to decide just how much moisture 
will be created by the occupants but it is very difficult 
to determine just how much will be removed by the 
very variable factor of ventilation. 





22 


The Overall 
Value of 
Measurements 
in relation 

to Surface 
Condensation 
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Therefore, although it is a simple matter to measure air moisture conditions at a particular 
time, it is almost impossible to put a precise value to any remedial measures taken to reduce 
the moisture. 


It is because of such ‘unknown’ factors that ultimately the choice between various possible 
remedial measures has to involve judgment as well as calculation. 

Nevertheless, it is important to have some idea of the effect of ventilation upon internal air 
moisture conditions. Surveys of a considerable number of dwellings show that air change 
rates, while varying considerably, are much lower in new buildings and that whereas in the 
past the rate might have been 2 or 3 changes per hour it is not unusual now to find it as low 
as 4 per hour. Calculation of just what effect ventilation rate has is a rather complicated 
matter but raising the rate from 4 to 1 air change per hour in a normal bedroom might be 
equivalent to the effect of raising the air temperature by about 3°C, an improvement which 
would make a considerable difference to condensation. Reducing humidity by means of 
better ventilation is therefore important. The practical difficulty is to persuade occupants 
to do this, especially if heating conditions are poor, as they will then want to avoid any 
cooling effect of additional ventilation. 


While it may seem that the uncertainties of ventilation make actual calculation from humidity 
readings rather meaningless, it does not follow that some useful judgments cannot be made. 
For example: 


1. It might be possible to show that a warm air heating system was transferring kitchen 
moisture to other rooms. (see Fig 11 page 34). 


2. On a more general basis a comparison of indoor and outdoor air moisture contents 
might indicate the need for better general ventilation. 


3. By explaining the measurements to occupiers they may be more able to understand 
the need for taking precautions such as providing some ventilation in all rooms or rapid 
ventilation in bathrooms after use or avoiding clothes drying without proper ventilation. 


Generally it can be assumed that where there is a combination of high humidity and high 
temperature, such as in kitchens, better ventilation will reduce humidity. High relative 
humidity in cold rooms cannot be so readily cured by additional ventilation and better 
heating is more likely to be the answer. 


Surface Temperature Measurements 

As has been shown in some of the preceding examples, surface temperatures can be calcu- 
lated if air temperatures and ‘U’ values are known. The measurement of surface temperatures 
is probably most useful in locating cold areas of the structure, such as cold bridges. 


From the foregoing it will be seen that while measurements and calculations are useful, 
they cannot give a precise basis for determining which remedial measures to adopt or the 
amount of change that is needed to eliminate surface condensation. 


Ventilation rate is important in all situations but especially so in warm rooms of high 
humidity. Comparatively small improvements to heating are directly useful. Improvement 
to structural insulation can be more worthwhile than its direct effect on surface temperature 
suggests. In many situations, however, it will be of significance only if the improvement in 
insulation is generous, although in particular circumstances the low thermal capacity of 
smaller amounts of insulation may help. 


Remedial Measures: Section 4 


General 


Surface 
Condensation 
Kitchens 


In theory, a high rate of ventilation could remove all moisture created within a dwelling so 
quickly that, regardless of heating or structural insulation, condensation would not occur. 
The discomfort of such ventilation would make this impracticable. Conversely, if the 
ventilation rate was so reduced that moisture within a dwelling continued to increase, 
condensation would eventually occur however good the heating and structural insulation 
might be. A reasonable amount of ventilation is therefore essential; it should be easily 
controllable and finely adjustable and in a form which as far as possible avoids unpleasant 
cold draughts. Even moderate ventilation may be uncomfortable in poorly heated rooms: 
adequate heating is therefore essential. 


Even moderate heating is unlikely to be maintained if occupants find that the rate of heat 
loss is high because of poor structural insulation: reasonable structural insulation is 
therefore essential. 


Adequate heating is dependent upon a suitable form of heat being available and being 
used. Rooms not provided with any form of heating, as is frequently the case in bedrooms, 
are liable to be at risk. If, for reasons of economy, occupants are unwilling to use the heating 
adequately, the problem becomes a social rather than technical one.. 


Bathrooms, kitchens and any space used for clothes drying are, for limited periods, wet 
rooms. For these, quick removal of damp air by direct ventilation to external air is essential 
and this needs to be in such a way that it reduces, as far as possible, the risk of spread of 
moisture from these wet spaces to other parts of the dwelling. 


It is clear, therefore, that avoidance of condensation is most likely when there is a com- 
bination of reasonable ventilation, heating and structural insulation. The problem is to 


_define ‘reasonable’. If conditions did not fluctuate, calculations would be simple and 


standards could be determined. In practice, steady state conditions do not occur. The best 
that can be done, therefore, is to suggest targets which have been found by experience 
generally to be satisfactory. In the following sections such targets are given. It must be 
realised, however, that each case is a special one and that there may be factors which 
should be taken into account which suggest some variation from the target figures. For 
example, in a room with a small area of external walling the effect of structural insulation 
upon the use of room heating may be relatively unimportant whereas in, say, a corner top 
floor room with two exposed walls and a roof the heat loss effect upon use of heating 
would be very much greater. In the latter case the target figure for structural insulation 
might prove to be too low. Provided individual factors of this kind are taken into account 
some variation from the target values may be accepted. For example, a slight deficiency in 
structural insulation could be balanced by slightly better heating or ventilation — if either 
could be assured. 


Kitchen conditions vary so much that survey measurements will not be very helpful. Good 
ventilation to outside is essential and the installation of a fan is the only really satisfactory 
way, both as a cure for the kitchen itself and to prevent kitchen moisture spreading to 
cause trouble elsewhere. 


In self-contained kitchens a small fan should be adequate, but special consideration may 
be needed for open-plan arrangements. In kitchens having a boiler flue drawing air from 
the room, extract fans should not be installed without checking that there is sufficient air 
intake to the kitchen to prevent the fan causing down-draught in the boiler flue (see 
page 31). 

Ventilated hoods above cookers are valuable in quickly trapping and removing steam from 
cooking but may be too low down and too far from the sink to be as effective as a high 
level extract for moisture produced other than at the cooker. 

Although easily-controllable window ventilation may be of some advantage in helping 
kitchen conditions, the opening of windows facing the prevailing wind may help the 
kitchen only at the expense of blowing moist air to other parts of the dwelling. Good usage 
of a fan will be much more effective; fan installation should take priority over alteration 
to windows. 
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Larders 


Bedrooms 


Drying 
Cupboards 


Cupboards 
and 
Wardrobes 


Bathrooms 


Steam is almost certain to penetrate into larders which open directly from kitchens. Good 
ventilation by high-and-low-level air bricks to the larder is essential. Air circulation in a 
larder is helped if the backs of the shelves are kept clear of walls. 


If the structure has a ‘U’ value of not greater than 1-7 W/m? °C and there is reasonable 
ventilation, say 1 to 2 air changes per hour, condensation should not be serious if room 
temperature is at least 5°C above outside air for most of the time, but especially during the 
night. If poor ventilation is to be expected, say less than 1 air change per hour, compensation 
is required by better heating — probably 8° to 10°C above outside air in very cold weather. 
By considerably improving ‘U’ value, say to 0-6 W/m? °C, the room temperature requirement 
may become slightly less, but only by about 1° to 2°C. 

The prevalence of condensation in bedrooms is due mainly to lack of adequate heating and 
ventilation. Poor ventilation may be caused by inadequate window design, but even if this 
is adequate, better ventilation may not be acceptable in badly heated rooms. A short spell 
of ‘comfort’ heating at bedtime is little help in preventing condensation. 

Where bedroom condensation is only marginal, serious damage may be avoided if good 
ventilation is provided during daytime. Usually, however, reasonable heating combined 
with some night ventilation is necessary. Better insulation of the structure may help, but 
only if there is reasonable heating. 

As the amount of heat required for bedrooms is not very great, the factor of casual heat gain 
from other rooms can be fairly important. A bedroom over a well heated living room benefits 
considerably. Conversely, a bedroom at one end of a flat may get little benefit from other 
heating and may also have a high heat loss because it is an external corner room with two 
exposed walls. 

Similarly, top floor rooms may have high heat loss through poorly insulated roofs. With 
these high heat loss rooms, improvement to structural insulation will be worthwhile /f it is 
combined with some heating. 


Clothes drying cupboards should be heated. They must also be well ventilated, both to act 
efficiently as drying cupboards and to avoid the moisture spreading elsewhere in the dwel- 
ling. Unless really effective natural ventilation to external air can be ensured, an extract fan 
will be needed. It may be possible to use one fan to serve two purposes, such as ventilating 
the drying cupboard and a bathroom. Even where proper drying cupboards are provided 
they are not always used. Their importance should be emphasised to occupants of dwellings 
where there is condensation. 


Ordinary cupboards on external walls, especially clothes cupboards in poorly heated bed- 
rooms, often have condensation because moist air can filter in but there is insufficient 
ventilation for it to disperse again. As ventilation to outside air is seldom feasible, the first 
improvement should be to provide better air flow through the cupboard by high and low 
level openings. If this does not cure the trouble the cold external wall surface inside the 
cupboard can be improved by added insulation. In extreme cases the use of a low wattage 
tubular heater should be considered. 


As with kitchens, the conditions vary so much that survey measurements are not very 
helpful. A small extract fan is a great help in checking condensation but rapid ventilation 
by opening of windows after bathing should usually be adequate and nearly always so if 
there is also a heated towel rail. To prevent steam escaping to other rooms, bathroom doors 
should be kept closed and be well-fitting. Rising butt hinges or a door closer should be 
acceptable. 


Internal bathrooms with fan ventilation should not give trouble if the fan is working properly. 
Fans should be checked — ducts are sometimes partially blocked by dirt : multiple fan systems 
in blocks of flats may be incorrectly balanced. If bathrooms are used for a considerable 
amount of clothes drying, some heating is desirable and good ventilation essential. A clothes 
drying cupboard ventilated direct to a bathroom without an extract fan may well cause 
trouble. 
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WCs 


Cold Water 
Cisterns and 
Pipes 


Halls, Stairs 
and Passages 


Living Rooms 


Interstitial 
Condensation 


Separate WCs are usually unheated. Condensation on a cold structure occasionally occurs; 
more usually, there is a complaint of heavy condensation dripping from the flushing cistern. 
Total enclosure, with access, is effective but difficult to achieve ; insulation on the underside 
only of the cistern may be effective. 
Ventilation may be unpopular and may lead to pipe freezing. Again, the use of a low wattage 
tubular heater should be considered. 


If cold storage cisterns are sited in cupboards, especially if in warm humid situations such 
as airing cupboards, condensation on the cold cistern may be considerable and is likely to 
concentrate on the underside and cause water to drip off. Unless a drip tray is provided, 
insulation to the underside is necessary of at least 12:5 mm thickness. 

Condensation on horizontal cold water pipes may also cause water drips. On vertical pipes 
the moisture runs down and may result in concentrations of dampness at the lowest points. 
In mild cases an anti-condensation paint may help, but more usually something like 12:5 mm 
of insulation is needed. 


Frequently there is enough air movement to prevent condensation. If measurements are 
made in cases where some condensation occurs, they may show a border-line condition 
which might be cured by small improvement to any of the governing conditions. More 
insulation in cold areas may halt the local condensation. Additional heat would help the 
local condition and might leak to other rooms, especially to upstairs bedrooms, and thus 
serve a double purpose. 


If heated to above 18°C for several hours a day, serious condensation is unusual. If it does 


occur, the reason may be: 


1. Living room opening to kitchen, resulting in excessive spread of moisture. The only 
satisfactory solution is fan ventilation of the kitchen. 


2. Very poor ventilation of living room, possibly because window design does not allow 
fine control in bad weather. 


3. Very poor structural insulation value. With reasonable heating and ventilation, the 
structure should be adequate if it has a ‘U’ value not exceeding 1-7 W/m? °C. 

The exception to this is that where the structure is of a heavy type, which heats up slowly, 
even quite good room heating for rather limited periods may not warm the structure suffi- 
ciently. Where this condition applies, some background heat for longer periods is needed 
or, alternatively, the addition of a low thermal capacity lining on the room face of the struc- 
ture, probably combined with a vapour check. 


If all conditions are known, the measures necessary to prevent interstitial condensation 
can be determined by calculation. That based upon assumed conditions is useful at the 
design stage of new buildings, but it is only occasionally likely to be very helpful in remedial 
work. The method is explained in Condensation in Dwellings, Part / and in Building Research 
Station Digest No 110. 

Unless there is a vapour barrier on the room side of an external structure, water vapour will 
enter and will condense when it reaches colder conditions towards the outside. If surface 
condensation is taking place then, in the absence of a vapour barrier, heavier condensation 
will occur within the structure. If there is no vulnerable material in the structure and the 
moisture is not trapped by an impervious outer finish, the harm may only be some reduction 
in insulation value due to materials being damp. 

In some composite types of construction moisture may be trapped on the inside of an 
impervious, or nearly impervious, layer of material and thus keep the inner part of the 
structure wet. 

In remedial works there are usually only two ways to reduce the risk of interstitial conden- 
sation: 

1. To add a vapour barrier on the inside. 

2. Where the structure contains a cavity, to let the moisture penetrate to the cavity and 
then remove it by ventilation. 


om | 


Vapour 
Barriers 


Cavity and 
Air Space 
Ventilation 


It is not easy to fix a perfect vapour barrier to an existing structure. Particular care is needed 
to prevent leakage at joints and around the edge of treated areas. Vapour barriers or checks 
to ceilings especially are liable to be broken where pipes or electrical installations pass 
through. In spite of these difficulties the addition of a carefully fixed vapour barrier at the 
inside is often effective. If added insulation is being considered the extra cost of a vapour 
barrier should not be great and is usually a worthwhile precaution. 


Ventilation of vertical cavities is comparatively easy to achieve by stack effect. With timber 
framed construction, however, the cross-members prevent upward air movement and 
although the problem can be overcome, the remedy may prove expensive. 


Where a structure such as a joisted flat roof includes an air space which can be cross- 
ventilated, this may be the cheapest and simplest method. The usual recommendation is 
for ventilation openings equal to about 300 mm? per 300mm run of structure at each 
end of the cavity space, ie cross-ventilation. If cross-ventilation cannot be obtained, the 
openings should be doubled in area but even so may not be entirely effective. 


There is one situation where a third method of preventing interstitial condensation might 
be used. With existing flat roofs the waterproof membrane could be accepted as a vapour 
barrier which could be kept warm by adding further insulation above, with a new water- 
proof membrane above the insulation. This method would not be cheap and there may be 
problems with flashings and drainage but it has the advantage of avoiding remedial work 
inside the dwelling. 





Remedial Measures: 
Treatment in Detail 


Selecting the 
Treatment 


Selecting the Treatment 

From survey data and consideration of 

Section 4, possible methods of treatment 

should have emerged. To decide in detail 

what to do, the following procedure might 
be adopted: 

1. Where more than one room in a dwelling 

is affected, examine the worst situation first. 

a. Select possible alternatives. 

b. Decide quantity of treatment. 

c. Compare installation costs of alterna- 
tives. 

d. Consider whether running cost or re- 
liance upon occupier operation out- 
weighs differences in installation cost. 

e. Consider relative inconvenience of alter- 
natives to the occupiers. 

f.. Decide method. 


2. Consider whether proposed treatment 
for the worst situation will at the same time 
give necessary improvement to less serious 
situations. If not, repeat the process for the 


remaining situations. 


3. If, as is quite probable, the treatments 
considered have been directed primarily at 
curing surface condensation, consider 
whether any additional precautions are 
needed for interstitial condensation. 


4. Where condensation is accompanied by 
mould growth, include fungicidal treatment 
(see Section 6 for recommendations). 


Example 
Bad condensation in upper floor bedrooms, 
including mould growth; confined to walls; 
slight condensation and mould growth in 
kitchen. 
The survey has shown: 
Dampness is not due to structural leaks. 
Windows have top hung ventilators, reason- 
ably accessible in the case of bedrooms but 
with difficult access in kitchen. 
Bedrooms are unheated but have an electric 
power outlet. 
Wall construction of cavity brick and block 
calculated to have a‘U’ value of 1:0 W/m? °C. 
Bathroom door is very close to bedroom 
doors. 
Spot measurements in bedrooms when out- 
side air is approximately O°C and 90% r.h.: 

10 am Room air 6°C 90% r.h. 

6 pm Room air 8°C 80% r.h. 

Stage 1 Consider Bedrooms First 
Spot measurements are not as good as con- 
tinuous checking and in the present case do 
not give a night occupation condition. It 
seems reasonable to suppose that during 
the night room air temperature may have 
dropped lower and humidity risen. On the 


Section 5 


other hand, early evening use of other rooms 
may have resulted in heat leakage warming 
the bedroom somewhat, though balancing 
this there may have been an increase in 
humidity due to cooking, bathing, etc, which 
may have affected the bedrooms. 

Judgment must be used. Taking the 10 am 
figures as a basis, reference to Charts A and 
B (see pages 9 and 22) produces the fol- 
lowing information. From Chart B it can be 
seen that with an inside/outside air tem- 


perature difference of 6°C and a ‘U’ value of 


1-0 the inside surface temperature would be 
approximately 5:3°C. 

Chart A shows that air at 6°C and 90% r.h. 
contains 5:3g/kg moisture which would 
become saturated and condense at about 
4-8°C. 

Although conditions at 10 am therefore con- 
stitute a border-line case in respect of surface 
condensation, conditions during the night 
would be worse, temperature in particular 
being lower, and it is then that condensation 
would occur. 


Remedial measures are necessary not only 
to prevent surface condensation but also to 
reduce the very high relative humidity which 
is well above the level at which bedding and 
clothing are affected. 


Consider Ventilation 
Room air moisture is 5-3 g/kg 
Outside air moisture 3-5 g/kg 
Diference 1:8g/kg 
The windows were fairly tight fitting and the 
occupier stated they were kept closed day 
and night. The ventilation rate was therefore 
assumed to be 3 air change per hour. 

If an extra 4 air change per hour was ob- 
tained by window ventilation, the inside air 
moisture content would be lowered, pro- 
bably by about 4 x the 1:8 difference, and 
become 4-4 g/kg. This air would condense 
at about 2:5°C, ie nearly 3°C below the 
surface temperature prevailing. 

Further reference to Chart A shows that even 
if the room temperature remained at 6°C the 
relative humidity would be 75% and mould 
growth would continue. Calculations show 
that no benefits would be achieved by 
further increasing the ventilation rate. The 
advantage of removing additional moisture 
is offset by the decrease in temperature and 
the relative humidity remains above 70%. In 
this case, therefore, improved ventilation 
alone cannot solve the problem but will 
make a useful contribution, This confirms 
the general statement that ventilation alone 


from 
Chart A 
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may effect a cure in rooms of high tempera- 
ture and high humidity but is not a complete 
solution in conditions of low temperature 
and high humidity. 


Consider Insulation 
From Chart B it can be seen that if the ‘U, 
value was improved from 1:0 to 0-6 W/m? 
°C and the temperature kept at 6°C, the 
surface temperature would rise only from 
5-3°C to about 5-7°C. 


However, if the heat input remained the 
same the temperature could rise to 7:5°C 
(depending on the number of external walls 
and other factors) but Chart A shows that 
the r.h. would be 80% and so mould growth 
would continue. Insulation alone, therefore, 
cannot solve the problem. 


If, however, insulation was combined with 
improved ventilation the conditions would 
be a moisture excess of 4:4 g/kg, a room 
temperature of 7:5°C, and a surface tem- 
perature of 7°C. The r.h. would then be under 
70% in the room and slightly over 70% at the 
wall surface —a considerable improvement. 


An improvement in ‘U’ value from 1-0 to 0-6 
W/m? °C could be obtained in a number of 
ways. An indication of comparative costs, 
which would vary considerably according to 
conditions, is given in Table 4 (see page 42). 


Consider Heating 

If heating was introduced to raise the room 
temperature to 12°C, Chart A shows that 
the r.h. would be reduced to 60%. Chart B 
shows that the surface temperature would 
be 10-5°C and the r.h. at the wall surface 
66%, an improvement sufficient to prevent 
mould growth. Heating alone, therefore, 
would solve the problem; the temperature 
increase could be achieved in several ways, 
one example being the use of a skirting 
heater of 300—400 W. 


Decision 

Heating is the only single measure that 
would solve the problem in this particular 
case. If the occupants would co-operate in 
using and could afford the additional heat, 
this would be a straightforward solution. 


A combination of remedial measures would 
be a more satisfactory solution, however, in 
the long term and of the various possible 
permutations ventilation heating and insu- 


lation would all be worthwhile. Ventilation 
q 


to reduce the excessive moisture vapour 
content ; heating to lower the r.h. ; insulation 
to help conserve the heat and raise the sur- 
face temperatures. 


If this approach was adopted, the situation 
would be: 


1. Ventilation increased by say 3 air change 
an hour. 

2. ‘U’ value improved to say 0-6 W/m? °C. 
3. Temperature raised to say 10°C, result- 
ing in wall surfaces having a temperature of 
9:4°C with room air at 10°C and an r.h. of 
58%. 


The occupants should also be advised to 
keep the bathroom door closed after bathing 
and the bedroom doors closed to conserve 
heat and exclude moisture vapour. 


Stage 2 Consider Kitchen 

If the kitchen situation is then considered, 
the obvious solution is additional ventilation 
by means of an extract fan. This in turn would 
probably help the bedroom situation but not 
sufficiently to preclude the necessity for the 
remedial measures recommended. The 
benefit gained would be a useful additional 
margin of safety. 


Stage 3 

Is action against interstitial condensation 
needed ? 

As the walling will be appreciably colder 
towards the outside, some condensation is 
likely if the internal temperature is raised by 
only 3° to 4°C. With this type of construction 
damage will not result but there will be some 
loss in insulation value. As the outer skin will 
in any case be likely to be damp, the advan- 
tage of adding a vapour barrier would not be 
likely to justify the cost of special work for 
this purpose. 

Had similar conditions existed with walling 
of timber construction, a vapour barrier 
would have been essential. 


Stage 4 . 
Mould growth which had occurred should 
be dealt with (see Section 6). 


From this example it can be seen that 
although measurements and calculations 
may not provide a precise answer for a 
fluctuating situation they can help towards 
making sensible decisions about possible 
alternative treatments. 


Treatment 
Details 





Extract Fan in Kitchen 

A small fan extracting about 280 m°/hr 
should be sufficient for most kitchens but 
may not be adequate when the kitchen is 
open to another room. The power consump- 
tion of a small fan is about equivalent to that 
of a 25 watt bulb. 


The fan should be positioned as high as 
possible and at least above door height. It 
should be over or very nearly over the 
cooker. Where the cooker is not near an 
external wall, a duct will be required; the 
inlet grille should preferably be on the under- 
side of the duct (Fig 7). Manufacturers 
should be consulted on duct size. Access 
for fan and duct cleaning must be arranged. 


If a fan is placed close to an opening window 
or near to a door, short circuiting will occur 
if the window or door is left open. Occupants 
should be advised to close nearby windows 
when the fan is in use. 


It may be helpful if a notice is fixed alongside 
the fan control switch : ‘Use fan when cook- 
ing or whenever windows begin to mist.’ 


If the kitchen contains a boiler drawing air 
from the room, an extract fan could cause 
dangerous down-draught in the boiler flue. 
To obviate this the room must have an 
adequate air inlet. An air brick type of inlet 
through an external wall is likely to be 
blocked off to avoid cold draughts. A better 
arrangement is to form the inlet from a hall 
or another room, preferably at low level, as 
this will largely prevent steam escape from 
the kitchen when the fan is not in use. The 
size of inlet depends upon the capacity of 
the extract fan and the size of the boiler. 
Generally, something equivalent to a 50 mm 
gap below the full width of a door is likely to 
be needed; sizes may be obtained from the 
following data: 


Boiler size Free area of ventilator 
12 kW 10000 mm? 

15 12 500 

18 15000 

24 17500 

24 20 000 

30 25 000 


to which must be added ventilation to com- 
pensate for the fan as follows: 


Fan capacity Free area of ventilator 
280 m°/hr 25 000 mm? 

400 30 000 

550 35 000 


It is essential, however, to obtain advice 
from the relevant authoritative source de- 
pendent on the fuel used. 


(continued) 


Ducting to fan in kitchen 





air intake to be 
above cooker, higher 
than door, on 
underside of duct 


Hall 


air inlet 





Treatment Even where there is no boiler in the kitchen, 

Details some provision for low level inlet air from a 

(continued) hall or adjoining room is an advantage. 
The cost of fitting a small fan in glazing 
would be approximately £20. 


Extract Fan in Bathroom 

Where a fan exists it should prevent serious 
condensation. If it does not do so, check 
that the fan is operating properly. For an 
accurate test an anemometer is required, but 
a rough check can be made by testing 
whether a piece of tissue paper is held 
firmly to the grille when the fan is on. 


If a direct extract fan serving a single bath- 
room is to be added, it will not normally need 
to have an extract rate of more than about 
200 m3/hr. An air inlet, such as a 25 mm gap 
below the door, should be provided. 


In bathrooms in which there is a gas water 
heater a check should be made that an 
extract fan will not cause unsafe conditions 
or interfere with the satisfactory working of 
the gas appliance. It is essential that bath- 
rooms containing a gas appliance, even 
where there is no extract fan, must have 
adequate inlet and outlet areas for ventilation. 


Extract Fans for Drying Cupboards 
If the cupboard cannot be efficiently venti- Single fan for bathroom and drying cupboard 
lated to external air by natural draught, an access control flap high level 

extract fan is necessary. Consider whether | fen ‘°'2",  ‘Suctiniet oe 

one fan could serve two purposes, eg bath- 
room and drying cupboard or kitchen and 
drying cupboard (Fig 8). 

Fix extract grille as high as possible and 
provide low level inlet of appropriate size 
(see page 31). . 
With dual purpose fans guard against short 
circuiting, eg the bathroom inlet to have a 
control flap. Consider also the best position 
for the control switch and include an ‘On’ 
warning light. 


Landing 





Kitchen and Bathroom Doors 

Doors to ‘wet’ rooms such as kitchens, bath- 
rooms or drying cupboards should be kept 
closed as much as possible and should 
usually be tight fitting. Where an air inlet is 
required to assist ventilation it should be at 
low level. It is not inconvenient to have a 
self-closing bathroom door, and either rising 
butts or a simple door closer may be used. 
A self-closing door to a kitchen is not very 
convenient, but if an easily operated door 
check is also provided, occupiers are more 
likely to co-operate in keeping the door shut 
at critical times. “ 
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Treatment 
Details 
(continued) 


Reduction 
of Moisture 
by Natural 
Ventilation 


Windows 


Airbricks 


Bedroom Cupboard and Wardrobe 
Doors 

Condensation in cupboards against external 
walls is caused because vapour can pene- 
trate small cracks around the door but there 
is insufficient ventilation to permit drying- 
out when room conditions improve. 

If a through-draught is encouraged by top 
and bottom ventilation, it should help: a 
15 mm gap at top and bottom of cupboard 
doors is a simple method. If ventilation is 
provided by boring holes through the cup- 
board door, the holes should be not less than 
20 mm diameter to avoid children getting 
fingers trapped. 

If condensation on the back wall of the 
cupboard is bad the ventilation may not 
provide a cure, and wall insulation may be 
needed. This should be protected or be of a 
type sufficiently robust to resist damage. 
The two motive forces of natural ventilation 
are wind and stack effect. They can act in- 
dependently, in conjunction with or even in 
opposition to each other. There is, however, 


‘no formula or method that can be used easily 


to assess the rate of natural ventilation in 
residential accommodation. BRS _ Digest 
No 34 (1st Series) sets out guiding principles 
for certain types of buildings and these, with 
judgment, can provide an approach for use 
in housing. 

A small area of window opening can make 
a big difference. Windows without easily 
accessible and finely adjustable, rainproof, 
openings are unlikely to be opened in winter. 
Usually the most effective improvement is to 
insert a ventilator at the top of the glazing 
(Fig 9). Cord operation is desirable. 
Generally, it will be bedrooms that most 
need this improvement to ventilation. 

The cost of a proprietary strip ventilator 
750 mm long would be approximately £5 
to supply and fix in existing glazing. 
Simple airbrick openings create too much 
draught and therefore are frequently blocked 
off. A constant flow type ventilator which 
automatically reduces the opening as wind 
pressure increases is worth consideration for 
bathrooms or separate WCs subject to con- 
densation (Fig 10). 

For bathrooms and WCs this type of venti- 
lator may have some advantage over a 
manually operated top vent because it 
should ensure some ventilation at all times, 
whereas people may not bother to use a top 
vent. 

The cost of inserting a constant flow type 
ventilator in a cavity wall would be approxi- 
mately £7. 
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In Scotland and other areas of severe exposure 
this detail should be modified to provide a greater 


degree of protection 
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As wind pressure increases, 
balanced flaps regulate air 
flow through vent 





Reduction 
of Moisture 
by Natural 
Ventilation 
(continued) 
Flues 


Stagnant 
air pockets 


Improvements 
to Heating 


1. Eliminate 
flueless heaters 


2. Check warm 
air heating 
systems 


3. Bedroom 
heating 


The stack effect of a vertical flue provides 
relatively draught-free air change to a room. 
If an existing house has had a chimney 
blocked off, improvement may be made 
easily by inserting an airbrick into the flue 
near room ceiling level. Less effective, but 
still useful, is a ventilator at low level. 


Condensation is often worst at room corners 
where air is stagnant. If some air flow can be 
introduced at such positions it will be a help. 
It may be feasible to improve air movement 
by adding a wall ventilator between the 
room and a hall or passage but the risk with 
this is that more moist air may be introduced 
and the situation become worse rather than 
better. The merits need to be assessed for 
each case. 


Three things should be done: 


Gas or oil heaters without flues make con- 
densation worse rather than better. Every 
effort should be made to persuade occupants 
to cease using them. 


If these are installed so that secondary air is 
circulated from the kitchen to other rooms, 
an alteration is necessary (Fig 11). 


Living rooms are usually fairly well heated, 
at least for part of the evening, but bedrooms 
are often insufficiently warmed. A minimum 
target for bedrooms should be to keep the 
room air at least 5°C above outside air and 
more than this if structural insulation is poor 
or ventilation likely to be very restricted. It is 
during the night-time occupation period that 
the heat is needed most. 

Bedroom heat from a central heat source 
with the boiler probably not working at 
night is therefore not ideal. However, if the 
system is used to raise bedroom temperature 
enough in daytime, serious damage may be 
avoided even if some night-time condensa- 
tion occurs. The effectiveness of day-time 
heat only will depend upon the insulation 
characteristics of the structure. A heavy type 
structure may be advantageous /f it is heated 
up sufficiently in daytime, as it will retain 
that heat reasonably well. A lightweight 
structure would cool down quickly when 
the heating ceased. 

If adequate central heating to the bedrooms 
is not available, local heaters, probably 
electric, are necessary. Operating costs of 
these tend to inhibit sufficient use. A visible 


heat source such as a high temperature 
Fd 
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radiant fire is unlikely to be left on for long. 
It may therefore be better, and probably 
safer as well, to install a low power, low 
temperature appliance, such as a tubular 
heater or skirting heater. Unless a thermo- 
statically controlled type of heater is used, 
the size chosen is important: if it is too large, 
the running cost will restrict its use. The aim 
should be to provide just enough heating 
Capacity to ensure that the required minimum 
bedroom temperature can be obtained. As 
with so many remedial situations, all possi- 
bilities need to be considered together: it 
might be that some improvement to thermal 
insulation at the same time as providing a 
source of heat would both reduce the need 
to use the heater in moderate weather and 
ensure its use in really cold periods. As an 
approximate guide, a 3 x 3 m bedroom would 
require a 240-300 W heater to be left on 
continuously to raise the temperature by 
5°C. Tubular heaters provide 60 W per 300 
mm length; skirting heaters provide 125 W 
per 300 mm length. 


Warm air heating system 
Prevention of moist air circulation 


Living 
room 


Kitchen moisture 


from kitchen 


return air 


INCORRECT 
LAYOUT 


Living 
room 


Kitchen 


return air ducted 
from living room 


warm air unit 


Hall 


REMEDY 


Fig 11 
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Improvements 
to Heating 
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improvement 
to Structural 
Insulation 


The foregoing paragraphs have discussed heating on a single room basis. In certain cir- 
cumstances, however, it is useful to have information on whether total heating conditions 
are likely to keep the dwelling free from condensation. 


If the average heat input to a house Is too low, it is not possible to keep the average relative 
humidity below 70% and thus avoid mould growth. As a guide to what is required, the 
average (24 hr mean) heat requirements have been calculated for three different types of 
dwelling (a detached house of floor area 86 m?, a centre-terrace house of the same area, 
and a centre flat of area 70 m?— window areas respectively 15%, 30% and 25% of the 
exposed wall area). Calculations were made assuming an outside temperature of 0°C and 
relative humidity 90%, and the average moisture input rate was taken as 0-3 kg per hour. 
Calculations were made for two different insulation standards and three different ventilation 
rates and the results are set out below. 


Whole house heating required to keep average relative humidity below 70% — approximate 
values. (Mean house temperatures shown in brackets.) 


Type of dwelling Standard of | Exposed Ventilation rate 
insulation structure 
‘U’ value 4 a.c./h 1 a.c./h 2 a.c./h 


Centre-terrace house Building 1:7 3 kW 23 kW ‘2kW 
Regulations (2-0) (9°C) (6°C) 

Improved 0:5 2kW 13 kW 13 kW 
(12°C) (8°C) (6°C) 
Detached house Building 1-7 4kW 33 kW 3 kW 
Regulations (11<G) fO0C) (6°C) 
Improved 0-5 23 kW 235 kW 2 kW 
(13°C) fiir C) (7°G) 

Centre flat Building 1:7 2kW 2kW 13 kW 
Regulations , (14°C) fiz) (6°C) 

Improved 0-5 13kW 13 kW 14 kW 


(14°C) (12°C) (8°C) 


These are the heat requirements to keep the dwelling mean temperature and relative 
humidity at the values stated. In practice, of course, some parts of dwellings are colder 
than others and cold bedrooms, for instance, are liable to condensation if the moist air 
from the rest of the house circulates to them. In addition, temporary condensation can 
occur during the periods when moisture is being generated. Nevertheless, these figures 
may be useful as a reference for checking whether the average amount of heat supplied is 
reasonable. 


It should be borne in mind that miscellaneous heat gains from lighting, occupancy, solar 
gains, domestic hot water and so on may supply 0-5 to 1 kW, depending on conditions. 


When heating is intermittent, the addition of a thin layer of insulation to room surfaces 
may have some value in providing a surface which warms up quickly. It-will not have any 
appreciable effect on overall insulation value and therefore will not cure serious condensa- 
tion. If additional insulation is to be used, it should be done generously. Much of the cost 
is likely to be for labour, so the cost of treatment does not rise in equal proportion to the 
amount of insulation used. 


As a general guide, it is suggested that the target should be to add sufficient insulation to 
increase the structural resistance by at least 0-4 m? °C/W. The effect of this amount of 
improvement upon ‘U’ values is shown on the next page. 
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Improvement 
to Structural 
Insulation 
(continued) 


Table 2. Alteration in ‘U’ value resulting from additional insulation of resistance value 


0.4 m? °C/W. 


Original ‘U’ value W/m? °C 


Improved ‘U’ value W/m? °C 


It will be noted that the law of diminishing returns applies, and if the existing ‘U’ value is 
appreciably better than average, an improvement is hardly worth effecting solely from a 


condensation risk aspect. 


The following Table 3 shows the additional resistance values resulting from various treat- 


ments. 


Table 3. Examples showing additional resistance values obtained by extra insulation. 


Method 


Materials in contact with 
existing structure, ie fixed 
directly to existing wall or 
ceiling surface 


Notes: 


Material Approximate 
increase in 
resistance, 
m? °C/W 

25 mm glass or mineral fibre plus 0-67 


9-5 mm plasterboard 


19 mm fibre insulation board 0:36 
19mm expanded polyurethane 0:83 


12:5 mm expanded polyurethane 0:55 


19mm expanded polystyrene 0-58 
12-5 mm expanded polystyrene 0:39 
16mm glass or mineral fibre 0-50 
ceiling board 


1. Check suitability of material to resist mechanical damage when used on walls. 


2. Check Fire Resistance and Surface Spread of Flame ratings. Some materials are made 
in varying grades. Some may be brought to necessary standard by decorative finish. 


3. Some materials can be obtained pre-decorated. 


4. A vapour barrier may also be needed. 
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(continued) 


Table 3 (continued) 


Examples showing additional resistance values obtained by extra insulation. 





Method Material Approximate 
increase in 
resistance 
m? °C/W 

Materials fixed clear of existing 12-5 mm insulating plasterboard 0-43 

surface (eg on battens) to (ie aluminium foil backed) 

provide a cavity of not less 

than 20mm. 9-5 mm insulating plasterboard 0-41 

(ie aluminium foil backed) 

19mm fibre insulation board 0-54 
12-5 mm fibre insulation board 0-42 
19mm expanded polyurethane 1:01 


12.5 mm expanded polyurethane 0:73 


19mm expanded polystyrene 0:76 
12:5 mm expanded polystyrene 0-57 
19 mm expanded polystyrene 0-82 


laminated to 9-5mm plasterboard 


12-5 mm expanded polystyrene 0:63 
laminated to 9-5 mm plasterboard 


16mm glass-fibre ceiling board 0-68 


12:5mm asbestos insulating board 0-28 


Notes: 
1. Check suitability of material to resist mechanical damage when used on walls. 


2. Check Fire Resistance and Surface Spread of Flame rating. Some materials are made in 
varying grades. Some may be brought to necessary standard by decorative finish. 


3. Some materials can be obtained pre-decorated. 
4. A vapour barrier may also be needed. 
5. In potentially damp situations, wood battens should be pressure treated with preserva- 


tive. 
Cavity wall fill (assuming 50mm _ Mineral fibre AaZo 
cavity) 
Foamed urea-formaldehyde jes 
Note: 


The /ncrease in resistance is the value of the fill material /ess the value of the original air 
space. 

Values are approximate, as varying grades of material are available. Manufacturers should 
be able to quote reliable data for any particular type and quality. 


37 


From Table 3 it is clear that the formation of an air space adds very considerably to the resistance value — in fact 
by about 0:18 m? °C/W with most materials if the air space is 20 mm or more, and by 0:35 m? °C/W if one side 
of the air space has an aluminium foil surfacing. This provides a strong argument for fixing additional materials 
on battens rather than direct to the existing surface. Batten fixing by mechanical means is also more positive 
than using adhesives. The disadvantage of this method is that additional thickness may result in more difficulty 
where the treatment abuts windows, doors, etc. If for any reason direct fixing by adhesives is adopted, manu- 
facturers’ advice should be taken on the adequacy of the proposed ashesive, bearing in mind the possibility of 
dampness which may affect it. This is especially critical in the case of ceilings. 


Before choosing the form of any additional insulation to reduce surface condensation, consideration should be 
given to the possible need to include a vapour barrier. The additional cost of this would be relatively small. It 
should be borne in mind that even if inspection has not shown a vapour barrier to be necessary in the existing 
conditions the fact that insulation is being added to the inside of the structure means that the outer part of the 
structure will be co/der than before and interstitial condensation may increase if the additional insulation is perm- 
eable to water vapour. 

In comparing the cost efficiency of alternative methods, care should be taken to ensure that all costs are included. 
The addition of internal linings may involve such items as taking off and replacing skirtings, problems at junctions 
with windows or door openings, problems of space behind pipes or radiators and the need to extend electrical 
outlets to new surface positions. 


Flat Roof: The method illustrated in Fig 12 is likely to Insulation of concrete flat roof 

Concrete and be most satisfactory. roof covering 
: ; P— under! 

screed A possible alternative method for roofs of : Soe screed” 


this type is to use the existing roof finish as 
a vapour barrier and to fix insulation above 
this with new waterproofing on top. This 
method ‘is likely to be costly and may raise FES ak eee ES of 
roof flashing and drainage problems, but it = w= Wipaaeee 
means avoidance of internal disturbance, ta ae ee 


Fig 12 new ceiling on impregnated battens 


other than for re-decoration. a 

3 otes: 
The cost of foil-backed plasterboard on 1. A vapour check should be provided. 
battens would be about £1-70 per m?. That Polythene sheet of 250 gauge stapled to 
of polythene sheeting and plasterboard on the battens and preferably with joints 


battens about £1-80 per m?. sealed by welting at batten positions 

or —aluminium foil-backed ceiling board 
with joints sealed by adhesive backed 
aluminium strip or ribbon of mastic. 
2. The vapour check would seal in any 
moisture still present in the concrete or: 
screed. Unless the material has been dried 
out before the new ceiling is fixed —and 
this can be a slow process —roof vents 
should be provided. It should be noted 
that some types of vent only serve to 
relieve vapour pressure; to assist drying 
out the larger types should always be 
used (see Fig 13). Manufacturers’ 
recommended siting and spacing should 
be followed. 


cover fixed on 
distance pieces 
existing new asphalt 
asphalt in making 
jood 
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Flat Roof: 


Timber | 
construction 


Pitched Roof: 
Timber and 
tiles or slates 


Before adding new insulation, a check 
should be made that condensation in the 
roof has not caused damage to the struc- 
tural timber or decking material. 


As with concrete roofs, insulation and new 
waterproofing could be added above the 
existing structure, but the method shown in 
Fig 14 is generally likely to be less expensive 
and the most suitable. Ventilation of the roof 
void does not cause a significant change of 
‘U' value. 


The cost of foil-backed plasterboard on 
battens would be about £1-50 per m?, in- 
cluding decoration. 


The addition of insulation, usually obtained 
by placing material between the ceiling 
joists, will reduce surface condensation on 
the ceiling but will not prevent condensation 
on the underside of the roof; it will in fact 
increase the risk of this. 


Roofs exceeding about 20° pitch usually 
contain a sufficient volume of air to disperse 
water vapour penetrating from rooms below 
if a moderate amount of roof ventilation is 
provided. Fig 15 shows eaves ventilation for 
the purpose. Ceiling insulation should not 
be carried to the extreme edge of the roof, 
as it would then prevent the eaves ventilation 
reaching the main roof space. 


With roofs of less than 20° pitch there may 
not be sufficient volume of air to disperse 
the moisture. In moderate climates it may be 
sufficient in such cases to increase the eaves 
ventilation, but in cold situations a vapour 
check at ceiling level is necessary. 


In very humid climates, ventilation of the 
roof space may do more harm than good. 
For Scotland and similar situations it is 
therefore recommended that a ceiling vapour 
check should be used without eaves venti- 
lation. 

In existing buildings the simplest method of 
providing a vapour check is to use gloss paint 
or to line the ceilings with vinyl faced paper. 


Insulation of timber flat roof 


rr __ 100f covering 
S55 = er eek 





Cross ventilation at rate of 300 mm2 per 300 mm run of eaves. 
(Number and diameter of holes dependent on rafter spacing) 


Note: 

A vapour check is essential, and care 
should be taken to ensure that the joints 
are sealed as well as possible. Ventilation 
of the roof space should be provided, 
both to ensure drying out of residual 
dampness and as a safeguard against 
some continued penetration of vapour 
which will almost invariably occur. If 
cross ventilation is not possible, the inlets 
should be increased to double the 
amount shown. 


Ventilation of existing timber pitched roof 


ventilation at rate 

of 300 mm2 per 300 mm 
run of eaves 

(Number and diameter 
of holes dependent on 
rafter spacing) 





Wall This is probably the ‘least nuisance’ method 

Insulation: for increasing the insulation value of cavity 

cavity fill walls. The materials used are either foamed 
urea-formaldehyde or treated mineral wool. 
Agrément Certificates have been issued for 
both and should be referred to regarding 
limitations of use. 


The cost of cavity filling with foam would be 
approximately £0-45 per m?; with treated 
mineral wool about £0-70 per m’. 


Insulation of brick wall 


5 . ns existing internal finish to brick wall 
Brick or Concrete Insulation may be added to the inside of ri niewelichat 


Walls: either cavity or solid walls. The additional qi) Be nneianates 
internal lining value of an air space is so considerable that i 
the use of batten fixings will almost always 
be worthwhile. This, therefore, is the method 
illustrated in Fig 16. 


vapour barrier 

















A vapour barrier is not usually necessary for EAIEL notnormally 

brick or block walls but would be advan- [EEA pecan aa 
tageous if a solid wall has a dense external FANE] Seo Section” 
finish. If a solid wall consists of dense con- | eae 
crete or, aS a Composite structure, has a layer Nh St oe 


of almost impervious material within it, a 
vapour barrier on the warm side of the wall 
may be necessary. Occasionally local treat- 
ment on similar lines may be used to deal 
with cold bridging, for example to through- 
the-wall lintels or over structural frame 
members. Generally, however, if such treat- 
ment is decided upon it will be worth 
extending it to the whole wall. The cost of 
plasterboard on battens would be about 
£2-30 per m? in brick or blockwork, including 
decoration, and slightly more expensive in 


concrete. 
° c i Insulation of timber framed wall 
Timber-framed If condensation has been occurring for any 
Walls length of time the timber construction | LIED existing internalfinish 
should be checked for possible damage ey Se tmberhremedemael te 
before other remedial work is started. I z| existing moisture barrier 


If internal linings can be easily removed, it 
may be feasible to add insulation within the 
wall cavities but normally the most suitable 
treatment will be lining on the internal face. 


A vapour barrier is necessary in the case of | Hed __ new lining on 
timber construction and may be of 250 gauge 1 aig pesos 
polythene sheet stapled to the battens with lt ATE 
joints welted at batten positions. Alterna- 
tively, aluminium-backed plasterboard pro- 
vides a barrier if the joints are sealed (see 
Fig 17). 


vapour barrier 
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Floors Cold floors may occur either if upper floors 
are carried partially or completely through to 
the outside of a structure or, in the case of 
solid ground floors, they abut an external 
wall without protection of a cavity or other 
edge insulation. 


In the case of upper floors, if the result is 
condensation on the ceiling below the floor, 
surface insulation can be added. If the prob- 
lem includes condensation on the upper 
surface of the floor, remedial action is diffi- 
cult as local insulation is likely to involve 
altering the floor level, but cork tiling is one 
possibility for both upper and ground floors, 


lf an upper room extends beyond the lower 
structure, exposing the underside of the 
floor to external air, insulation may be added 


externally. 
Condensation drainage for existing timber window 
Windows With single glazing, some condensation on PA aG . 
5 s 4 mm dia hole | condensation 

glass is almost inevitable. The more draught- every 300 mm channel 

. lined with copper i 
proof the windows are and the less they are or plastic tube, ; 
opened, the greater the condensation will be. pias Ei peo in 


Even double glazing may suffer where room 
conditions are bad. 


Apart from its obvious ‘nuisance value’, 
window condensation causes corrosion of 
steel windows and rotting of wood frames 
and internal window boards. Where possible, 
a condensation channel with drainage 
should be provided. 


WCs See Section 4, page 27. 
Cold Water See Section 4, page 27. 

. In Scotland and other areas of severe exposure 
Cisterns and this detail should be modified to provide a greater 
Pipes degree of protection 
Costs A guide to the comparative costs of various 


remedial works is shown in the table on the 
next page. 





Table 4 


Walls 


Ceilings 


General 


Note: 


Comparative costs of remedial works 


Treatment 


12:5 mm plasterboard on treated battens plugged to walls including decoration 
12-5 mm foil-backed plasterboard on ditto 

12:5 mm polyurethane/plasterboard on ditto 

Wallpaper on 3mm polystyrene sheeting 

Cavity insulation with foamed urea-formaldehyde 


Cavity insulation with treated mineral wool 


12-5 mm plasterboard on treated battens fixed to existing softwood joists 
and decorated 


12-5 mm foil-backed plasterboard on ditto 

12:5 mm polyurethane board on ditto 

300 x 300 x 9 mm expanded polystyrene tiles 

12-5 mm polyurethane board stuck on plastered soffit 

12-5 mm polyurethane board on treated battens plugged to concrete soffit 
12-5 mm plasterboard on ditto 

12:5 mm foil-backed plasterboard on ditto 


Polythene sheeting and plasterboard on ditto 


Extract fan in existing glazing 
Proprietary strip ventilator in existing glazing 
Constant flow type ventilator in cavity wall 


Costs will vary dependent on the extent of work, location, height of 
building, type of room, etc. 


Approx. cost/m? 


£2:30 
£2:35 
£3.30 
£1-00 
£0.45 


£0:70 


£1:45 


£1-50 
£1:85 
£0-85 
£1:80 
£2:05 
£1-65 
£1:70 


£1-80 


Approx cost 
£20-00 
£5-00 


£700 
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Treatment of Mould Growth Section 6 





Removal and 
Sterilisation 


Where mould growth has occurred in conjunction with condensation, the remedial work 
for condensation will also make conditions less favourable for mould growth but will not 
necessarily stop it. Mould growth starts when relative humidity is around 70% and this 
condition can occur without causing condensation. When mould growth has occurred, it 
needs treatment in addition to the remedial measures against condensation. 

Treatment should be considered in two stages: 


1. Removal of any existing mould and sterilisation of the materials on, or in which, it 
occurred. 


2. Re-decoration, including the use of fungicidal material to reduce the risk of new growth. 


It is not easy to decide whether mould is growing only upon the surface, in a top coat of 
paint, or has penetrated further. Where decorations can be stripped off, it is usually best to 
do so. Where the attack is slight and the finish is absorptive, it may be sufficient to clean 
down without stripping. Sizebound distemper and wallpaper should always be stripped. 
Removal of mould by dry brushing or rubbing should not be attempted, as the dry dust can 
be injurious. Before re-decoration, the stripped or cleaned surface should be sterilised with 
a toxic wash and then kept under observation for as long as possible. If mould recurs, a 
further wash should be applied. 
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Removal and 
Sterilisation 
(continued) 


Re-decoration 


aa 


It is not possible to recommend exactly how long observation should continue, as the time 
taken for growth to re-appear depends largely upon the humidity conditions prevailing. 
It may be, because work is in progress, that conditions are not those of normal occupancy 
or it may be that the work is taking place in favourable weather conditions. The period 
allowed should be at least a week if possible. 


There is a considerable choice of toxic washes, several proprietary brands being available. 
The use of a 2% solution of sodium pentachlorphenate in water (1 kg to 50 litres) is also 
recommended. There is a risk in the use of these materials and care should be taken to avoid 
contact of the operative’s skin with the liquid and to avoid splashing of the eyes. The 
suppliers’ instructions and recommended precautions should be followed. In addition, 
household bleach diluted 1:5 is effective. Before general application, a small trial area 
should be treated to test for possible colour changes. Areas must be cleaned with water 
after treatment. 


When the toxic wash treatment appears to have been successful and the surface has dried 
out, re-decoration can be done. If there is any risk of the structure being damp, it is better 
to avoid using impervious gloss paint finishes. On the other hand, if it is not certain that 
surface condensation has been entirely prevented, a durable high gloss finish may be best, 
as moisture and mould growth are less likely to penetrate. 


Fungicidal materials incorporated in the decorative finish protect only the finish and do not 
obviate the need for the preliminary toxic wash treatment. Many manufacturers supply 
materials incorporating fungicides and it is better to use these than attempt to add material 
on site. It is a wise precaution to use a fungicidal material. 


Case Studies 


Case Study No1 


Location 

Project 

Construction —s Houses 

Construction Maisonettes 

Heating Houses 

Heating Maisonettes 

Ventilation Houses 
Maisonettes 

Defects 

Diagnosis Houses 
Maisonettes 

Remedial Work Houses 


Section 7 


A selection of reports has been chosen to cover a variety of building types 
and locations. The general information, including the sections headed 
‘Comment’, is taken from the reports as supplied. The sections headed 
‘Conclusions’ have been added and do not necessarily represent the views 
of the authorities concerned. 

The available reports suggest that nearly half of the rooms affected by 
condensation are bedrooms and that of the remainder kitchens and bath- 
rooms form the majority. It appears that kitchen extract fans are almost 
always successful. Extra heating was rarely tried. Additional insulation has 
been the most frequently used method, especially in rooms other than 
kitchens, and was completely successful in at least half the cases and 
partially so in a number of other examples. Occasionally, insulation 
appears to have made no noticeable improvement. 


Southern England. 
Exposure — sheltered. 


Two- and four-storey houses and maisonettes. 

Single-storey living rooms. 

Some ground-floor bedrooms. 

Butterfly roofs of felt on strawboard on joists with plasterboard ceiling. 


Crosswall with timber-framed panels with softwood boarding externally 
and plasterboard internally. No vapour barrier. 

Concrete roofs with lightweight screed, built-up felt and chippings, cross- 
wall construction, timber-framed panel infilling, concrete party floors, 
access balconies. 

Gas-fired warm air to living room, hall and kitchen. Return air from hall. 
Radiant fire in living room. Portable electric fires in bedrooms. 


Gas-fired warm air to living room and kitchen. Return air from living room. 
Electric fires in bedrooms. Electric drying cabinet in kitchen. 


Side hung casements: no top ventilators. 

Horizontal pivot hung with top hung ventilators over. 

Severe condensation and mould growth in houses and maisonettes in 
bedrooms and bathrooms within six months of occupation. Mould growth 
worst in bathrooms in maisonettes. Mould growth worst in the ground 
floor bedroom in houses. 

Sub-standard ‘U’ values of external walls. Inadequate heat to bedrooms. 
Inadequate ventilation to bedrooms. Marked differential temperature cycles 
due to lightweight construction and intermittent heating. 

Sub-standard ‘U’ value of roofs and some walls. 

Lack of balance in mechanical ventilation of internal bathrooms. 


Extractor fans to kitchens. 

Reduced window size to ground floor bedroom and one other bedroom. 
Cord-operated ventilators in all bedrooms. 

Improved insulation to sub-standard ‘U’ value areas. 

Return air to heater ducted from living room. 

Condensation channels and weepholes to windows. 

Roof space ventilated. 
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Case Study No 1 (continued) 


Remedial Work Maisonettes 


Result Houses 


Maisonettes 
Comment 


Conclusion 


Cost (1965) 


Case Study No 2 


Location 


Project 
Construction 


Heating 
Ventilation 
Defects 


Diagnosis 
Remedial Work 


Result 
Comment 


Conclusion 


Cost 


Insulation of bedroom ceilings and cold areas of walls. 

Cord-operated ventilators in bedrooms and kitchen. 

Condensation channels and weepholes to windows. 

Balancing of mechanical ventilation. 

Larger mesh louvre plates to warm air outlets in living room, kitchen and 
bathroom. 

Considerable improvement. 

Successful 

Although no seriously affected cases remain, the lack of complete success 
in houses is attributed to: 

1. Insufficient insulation to bedrooms. 

2. Occupiers find heating too expensive to use as necessary. 

3. Reluctance of occupiers to use the ventilation facilities. 

Some damage has occurred to insulation of expanded polystyrene in 
wardrobes. Some weepholes blocked with paint. 

Expanded polystyrene tiles used on ceilings have become stained and 
discoloured. The reason for this is not known. 

The remedial measures were largely successful but it is not possible to 
judge the respective contributions of increased insulation and improved 
ventilation. 


Houses £120. Upper maisonettes £100. Lower maisonettes £60. 


North Midlands. 
Moderate exposure. 


High rise flats. 


Concrete frame with brick infill panels. 
Concrete roof. 


Radiators, in living rooms only, from central boiler plant. 
Sliding aluminium sashes. 


Condensation and mould growth at ceiling level: severe beneath roofs. 
Gable walls badly affected. 


High heat loss in unheated bedrooms with insufficient insulation to fons 
and to concrete ring beams in walls. 


External walls and ceilings in bedrooms insulated with laminate of 2 in 
(9mm) plasterboard/polythene vapour barrier/3 in (12-5 mm) urethane 
foam, applied by adhesives. 


Successful. 


Previous treatment with in (3mm) urethane insulation had made very 
little improvement. 


It seems rather surprising that insulation of apparently unheated rooms 
should have been successful. It may be that the centrally supplied heat to 
living rooms is sufficiently continuous to provide useful heat transfer to 
the ‘unheated’ rooms, thus making the extra insulation effective. 


Information not available. 
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Case Study No 3 


Location 


Project 
Construction 
Heating 


Ventilation 
Defects 
Diagnosis 
Remedial Work 


Result 
Conclusion 


Cost (1969) 


Case Study No 4 


Location 


Project 
Construction 


Heating 


Ventilation 
Defects 


Diagnosis 


Remedial Work 


Result 
Comment 


North Midlands. 
Moderate exposure. 


Middle flat in three-storey block. 
Traditional brick cavity walls and tiled pitched roof. 


Solid fuel open fire to living room. 

Portable electric fires in bedrooms. 

Top and side hung casements. 

Condensation and mould growth in bedrooms. 

High heat loss.in bedrooms with lack of heat and operation of ventilation. 
1. Mould growth cleaned off and fungicidal wash applied. Condensation 
re-appeared in 5/8 months. 

2. Spring fitted to kitchen door which opened opposite bedroom doors. 
Bedroom walls insulated with polyurethane lining and lightweight plaster 
finish. 

Immediate improvement. 

It is not possible to evaluate the contribution made by fitting spring closure 
to the kitchen door but in view of the juxtaposition of kitchen and bedroom 
doors it may have been important. 

£90. 


Wales. 

Moderate exposure. 

Two-storey houses. 

Cavity walls of sand lime brick externally and lightweight concrete inter- 
nally. 

Roof pre-screeded wood wool slabs with single skin proprietary asphalt 
membrane aluminium covered. 


Gas-fired warm air to living room, dining room, kitchen, hall and main 
bedroom. 


Side and top hung casements. 

Moderate to serious condensation in living rooms, kitchens and downstairs 
WCs. 

Bedroom not affected. 

Trouble occurred during an exceptionally wet winter. 


Intermittent heating and the use of paraffin heaters. 

Reluctance of tenants to ventilate kitchens. 

External walls becoming and remaining very damp due to exceptional 
weather. 

External walls treated with two coats silicone water repellent. 

Extract fan in kitchen. 

Anti-condensation paint on WC cistern. 

Occupiers advised not to use paraffin heaters. 

Reasonable improvement. 

Condensation still occurs in some houses but generally where there is poor 
management, ie paraffin heaters are used or ventilators need cleaning. 
Rainfall has been less than in the exceptional year and external walling has 
not been saturated. 

Anti-condensation paint has not been very successful. 
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Case Study No 4 (continued) 
Conclusion 


Cost (1966) 


Case Study No 5 


Location 


Project 
Construction 


Heating 


Ventilation 
Defects 


Diagnosis 


Remedial Work 


Result 
Comment 


Conclusion 


Cost (1966) 
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This is an interesting case because bedrooms were not affected. They may 
have benefited from the hall heating. There is no obvious explanation for 
living rooms being affected. 

The apparent effect of the very wet winter is an interesting example of the 
importance of moisture content upon insulation value. 


£55 per house. 


Northern England. 

Moderate exposure. 

Two-storey houses. 

Steel frame with timber panels. Softwood cladding, building paper, foil- 
backed plasterboard lining. 

Roof of asphalt on plywood. 

Some houses had a single-storey projecting bedroom. 

Some had a first-floor bedroom above one on ground floor. 

Two off-peak storage heaters on ground floor plus radiant fire in living 
room. 

Portable electric fires in first-floor bedrooms. 


Side and top hung casements. 


Condensation and mould growth in ground-floor bedrooms and in upper- 
floor bedrooms situated above ground-floor bedrooms. Also in ground- 
floor WCs. Excessive condensation on all windows causing dampness and 
mould growth below. This occurred to some extent in bedrooms otherwise 
unaffected. 


High heat loss allied to inadequate and intermittent heating in projecting 
bedrooms. Inadequate means of controlling ventilation. 


Additional fixed ventilation between ground floor bedroom and adjoining 
hall/room, plus, in some cases, ventilation to outside. 

Ventilation to wardrobes. 

Cold water pipes insulated. 

Polystyrene on underside of flushing cisterns. 

In four houses a skirting heater was provided in WC and ground floor 
bedroom. 


Reasonable improvement. 


Initially the control panels for the off-peak heating proved to be unsatis- 
factory and occupants considered, justifiably in some cases, the heating 
costs too high. This early experience may have had a psychological effect 
which persisted after the controls were adjusted. Some tenants used 
paraffin heaters for economy. 


The insulation was similar in all rooms but the high degree of exposure of 
projecting rooms meant that heating was expensive and occupiers, com- 
plaining of high heat cost, did not heat those rooms. 

As excessive window condensation in all rooms appears to have occurred, 
it would seem that either heating throughout was insufficient or moisture 
content was unusally high. It would have been interesting to see what 
difference a kitchen extract fan might have made. 


£11 per house. 


Case Study No 6 


This case study describes a two-phase remedial measure programme which was devised so that the effects of 
one form of treatment could be judged before carrying out further work. 


Location Scotland. 
The area chosen was of relatively high climatic humidity in which dwellings 
displayed typical evidence of condensation troubles found elsewhere in 


Scotland. 

Project Fifty dwellings, being a mixture of two-storey houses and flats, three- and 
four-storey flats and four-storey maisonettes. 

Construction Traditional cavity brick wall roughcast externally and with hardwall plaster 


internally. Tile covered pitched roofs. Windows usually steel casement. 
(A few houses had dense concrete cavity wall construction.) 


Heating Either underfloor elements or ducted warm air. 
Phase 1 
Remedial Work It was decided that the main treatment at this stage should be the installation 


of extract fans in the kitchen windows. Previously, extract fans had been 
considered but rejected in the belief that occupiers would not use them. 
It was therefore decided to incorporate a humidostat control into the fan 
circuit. Other minor alterations included making bathroom doors draught- 
proof and self-closing and the fitting of timber beads to all sole boards of 
windows. 


Cost (1967) Fans and humidostats £35 per dwelling. 
Other works, including re-glazing kitchen windows where fans were 
installed, £9 per dwelling. 


Results The dwellings were inspected after a three-month winter period. 

Of the 50 dwellings: 

Group 1 13 had been cured or significantly improved. 

Group 2 14 were improved to a limited extent, usually the kitchens, but with con- 
densation persisting elsewhere. 

Group 3 12 not noticeably improved. 

Group 4 In the balance of 11 dwellings results could not be determined for a variety 
of reasons — some tenants did not co-operate ; some houses were damaged 
in a storm. 


It appears that condensation in bathrooms became rather worse as the 
result of Phase 1 treatment. 
No further work was needed on Group 1 and it was decided that no further 
action was needed on Group 2 as continuing condensation was slight. 
For the time being Group 4 would not be dealt with except in cases of 
specific complaint. Group 3 would be used for Phase 2 of the remedial 
experiment. 
The humidostat controls on the fan circuit had not proved sufficiently 
reliable in operation and their use would not be recommended in future. 
Fan control would be manually by a switch with an adjacent notice : ‘Switch 
on extract fan when window mists.’ 

Phase 2 

Remedial Work 1. Where permanent ventilators in kitchens were causing ‘short circuiting’ 
of air between them and the fans, these ventilators were sealed off. 


2. To ensure that the extract fans stimulated as much air movement as 
possible within the house, ventilation was provided over kitchen/living 
room doors, either by bevelling the door head or by installing a ventilator 
in the wall. 


3. Where wall condensation was identified, the wall was lined with foil- 
backed plasterboard on battens. 
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Case Study No 6 (continued) 


Results 
Costs 
Comment 


50 


4. Where maisonette ceilings showed condensation, the ceilings were 
battened and treated with 13 in (38 mm) insulation of mineral wool quilt. 
250 gauge polythene sheet vapour barrier and a new ceiling finish of 3 in 
(9mm) plasterboard, including taping of joints. 


5. Some floors over balcony ceilings were treated by taking up timber 
boards and laying 2 in (51 mm) insulation with a polythene vapour barrier 
on top. 


6. Some stores opening direct from kitchens had fungal growth on wall- 
paper finishes. Occupiers were advised when re-decorating to remove 
wall-paper, treat with fungicide and decorate with emulsion paint. 


7. Asaresult of Phase 1 treatment making bathroom doors more airtight, 
condensation in bathrooms had increased. Nevertheless, it was decided 
that the advantage of restricting escape of moisture to other rooms was 
worthwhile and that bathrooms should have no special treatment except 
that walls should have durable decoration capable of being easily cleaned. 


The majority of the dwellings were substantially improved. 
No information. 


Of the 39 dwellings in which results could be assessed, one third were 
cured and one third much improved by Phase 1 work, which consisted 
essentially in attacking the trouble at its source by preventing spread of 
moisture to other rooms from the main moisture producing places. 

It was originally intended to go on to a third phase in which alterations 
would be made to heating. This proved unnecessary. 





Conversion Factors S.|. Units to imperial 


Appendix 1 





Temperature 


Length 


Area 


Volume 


Moisture 
content of air 


Thermal 
transmittance (U) 


Thermal 
resistance (R) 


Vapour 
resistance 


Mass/volume 
relationship 
of air 


ats 


eC 


1mm 
25:4mm 
1m 


0:304 8m 


1mm? 
645-16 mm? 
0:092 9m’? 


1m? 


in 


0:028 32 m° 


1 g/kg 


0:14g/kg 


1 W/m? °C 


5-678 W/m? °C 


1 m? °C/W 


0:176 m? °C/W 


1 MNs/g 


0:074 7 MNs/g 


1 kg of air occupies approximately 0-84 m* 


= (t—-32) >< 9/9°C 


= 9/5t + 32°F 


= 0:039 37 in 
ee) in 
= 3-280 8 ft 


= ft 


= 0-001 5 in? (square inch) 
= 1 in? (square inch) 
= 1 ft? (square foot) 


= 10-764 ft? (square feet) 


= 35-315 ft® (cubic feet) 


= 1 ft® (cubic foot) 


= 7gr/lb 


= 1 gr/lb 


= 0-176 Btu/ft? h °F 


= 1 Btu/ft? h °F 


= 5-678 ft? h °F/Btu 


= 1th F/Btu 


= 13-383 ft? h atm/Ib 


= 1 ft? h atm/Ib 


1 |b of air occupies approximately 13-5 ft? (cubic feet) 





51 


ae 
> 
* 
% 
‘ 
best r 
% 
ty 
\ 
» -” 


tani haa 


eet | 


~a” 


A! 
ania ae 
: ¥; 
7 4 
. oy 


eevee eae 


- 
3 (ars lines 
1z 
_ eT 
hat 


= poh cas 
“s 






. aoe 
wo enone a 


WRG 


ie 
i; ana 
-_ ' ; 
- 
tee 7 
Fi i 
7 a 


Air 
Chart A p9 
Volume/weight relationship p7 
Airbricks p33 
Air change 
Measurement p20 
Rates p24 
Air inlet 
Kitchen, for boiler p31 
Air pockets p34 
Unventilated p11 
Air space p38 
Ventilation p28 
Air temperature p7 
Anemometer p32 
Bathrooms 
Clothes-drying p26 
Extract fan p26 
details p32 
Heating p26 
Surface condensation possible reasons 
p26 
Bathrooms, internal p26 
Bedrooms 
Example of treatment p29 
Heating p26 
Plan arrangement p26 
Surface condensation possible reasons 
p26 
Unheated p10 
Ventilation p26 
Bleach, household p44 
Boilers, ventilation for p31 
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